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I . INTRODUCTION 
In the st tic theory of the firm, the efficient use of 
resources can, under pure competition, be attained by the 
conditions of the equilibrium of the f1rm . 1 Here the profi t 
of t he firm is maximized and the pattern of production and 
allocation of resources are consistent with t he max1m1zat1on 
of consumers' satisfaction. But in agricultural production, 
few farmers, i f any, operate at that optimum level, because 
of lack of knowledge of input-output relationship and cost 
structure, lack of capital, and the existence of risk and 
uncertainty (9, p . llj ). The existence of risk and un-
certainty causes inefficient use of resources and limits 
capital used in agricultural production. The pattern of 
resource allocation neither maximizes the firm ' s profi t nor 
consumers' satisfaction . It results 1n a loss f or both the 
farmer and society as a whole. The farmer makes less profit 
than he could have made with the same resources, and t he 
consumers realize lesa commodities and services than they 
could have realized with the same amount of resources . So 
risk nd uncertainty are strong constraints in agricultural 
production . 
Knight (l? ) was perhaps the first one who made a major 
1The conditions of the equilibrium of the firm wil l be 
d.isousaed i n detail in section IV-A. 
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contribution 1n the theory of risk and uncerta i nty. L ter, 
Hart {71 8 ), Hicks (12 ), and Tintner (21, 22 ) made further 
contributions built on Knight ' s work in this field . Risk 
refers to future events in which t he probabilit y distribu-
t i on of the outcome is known; 1.e . , t he parameters of the 
distribution, such a s the mean, the variance, the standard 
deviation, eto . , can be established objectivel y either 
through calcula tion of ~priori probabili t y or f rom statis-
tics of past experience . For example, in tossing a coin, 
the pr obability of t he head occurring can be measured objec-
tivel y if t he sample ls l arge enough. The farmer who has 
raised a l arge flock of chickens over a long period of t ime 
can also estimate the percentage of death loss objectivel y . 
Since t he parameters of the d1ctribut1on can be measured, 
risk-bearing can be computed and incorporated into coet or 
inGurance schemes. Therefore, r isk does not afreot farmers' 
deo1s1on-mak1ng in the alloca tion or resources. 
Uncertainty ref era to future eve nts in which t he prob-
ab111 t y distribution of t he outcome is not known . The 
parameters of the probabil ity distribution cannot be meas-
ured ob jec tivel y; they can be measured only subjectively . 
So uncertainty is the onl~ situation in which farmers need a 
different framework for decision -makins . 
Risk does not refer to a single event . It refers to a 
number of groups of events wh1ch are so related t hat t heir 
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joint outcome is more certain than an individual event in 
the group (7) . Any single event cannot be regarded aa 
risk . For example, the probability that a particular hog 
will die or that corn will yield exactly certain number of 
bushels next year is uncertain . However, f armers who have 
raised a large number of hogs o\ er a long period of time can 
estimate the probability of death loss of the hogs . Thie is 
risk . The probability that a particular building will burn 
up is uncertain to t he owner, beoauee the observation of the 
occurrence of the event ia not large enough to establish the 
probab111ty distribution. But the insurance company, which 
insures many similar kinds of buildings, has enough observa -
tion to establish the probability distribution of the out-
come . So it 1s considered a s risk. However, the owner of 
the building can also consider it a s risk by paying an in-
surance premium. So risk 1a i nsurable. But uncerta i nt y is 
not insurable because the parameters of the probability 
distribution are unknol·m. There 1s no basis to compute the 
loss. 
There are, according to Heady (9), f our t ypes or un-
certainty conf ronted by f armers in dec1s1on-mak1n~ . They 
include 1. price uncerta1nty-- var1at1ons in prices or prod-
ucts and resources, 2 . technical unaerta1nt y--var1at1ons i n 
yields, 1.e . , the vari ation i n the i nput-output coeff1c1ents 
f or a gi ven production f unction. 3. technological 
uncertainty--changee 1n production function due to the change 
in technology, and 4. uncertainty or the sociological and 
legal rramework--changea growing out of the relationships 
between persons and groups , such as contracts, leasing 
a.rrangementa, etc . This study is concerned with the vari-
abil ity or feed returns due only to price changes . 
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II . REVIEW OF EMPIRICAL STUDIES 
There have been several empirical studies in this 
field . Elderkin (J ) examined the yield and income var1-
ab111 t1es in crop production in 14 Iowan townships f or the 
period from 1917 to 1947 . The degrees of uncertainty of 
yields and net income per acre were measured by the co-
efficient or variation; the problem of how the income vari-
ability might be reduced was not examined . 
In a study by Staniforth (20), net income variabilities 
of five type-of-farming areas and four product comb1nat1one--
hog-beef feeder,, hog-dairy, general livestock, and cash 
grain--were measured f or a 32 year period by the standard 
deviation, the coefficient of variation, the mean of the 
first difference (the same as the year-to-year changes), and 
the relative mean or the first difference (the same as the 
year-to-year changes as a per cent of the mean) . Since the 
four combinations of enterpriseo represent different degrees 
of diveraification, the effect of diversification as a means 
of reducing income variability was examined by testing the 
difference in relative degrees or uncertainty associated 
with dif ferent combinations of enterprises. The effects of 
reducing uncertainty by means or other methods , such as 
leasing system, parity pricing, etc . , were a lso teated . But 
how much income will be sacrificed in order to reduce income 
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variability by a certain f1gure was not examined . 
The effects of risk and uncertainty in the utilization 
of forage crops were an.alyzed by Heady and Olson (11). The 
variabilities of returns per $100 all oosts, returns per 
flOO feed and l abor coat , and returns per $100 feed cost, 
all associated w1th several different feed utilization sys-
tems for a period from 1917 to 1948, were measured by the 
variance, the coefficient or varlation, and the range. The 
result showed that there was essentially no difference in 
income variabilities among dirferent grain-forage combina-
tions fed to a particular class of livestock. However, the 
differences in income variability among d.1i'ferent kinds or 
livestock enterprises were quite significant. But here 
again the et'fects of lessening income var1ab111ty through 
d1vers1f1eat1on were not examined. 
R16k and uncertainty 1n crop production in Iowa have 
been analyzed by Heady !..! g. {10 ). Two samples were de-
signed for the collection o.f data . One was a atrat1fied 
sample and the other, a purposive sample . The stratified 
sampling was used to select a sample of 50 to~mahips. The 
state was stratified into f1ve strata (areas), and a sample 
s1ee of 50 townships waa drawn randomly from the five 
strata . Another sample of 14 townships was selected pur-
posively to represent specific soil associations . Vari-
abilities or crop yields, gross incomeo, costs, and net 
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incomes assoclated wl th each crop, each a:r·ea, and each soil 
type f or the period from 1917 to 1948 were measured by the 
mean aquare deviation (the same a s the variance), root mean 
square deviation ~~d the coef ficient of variation . The 
effect of reducing income var1ab111t1ee through d1vera1f1ca-
tion was examined by oomb1rU.ng ea.oh two crop enterpr.1oes i n 
different proportions. The proporti ons of resources used 
f or each enterprise i n the combination which would minimize 
variance were also computed . 
Riek and uncertain t y i n livestock and poultry produc-
tion have been studied by .Brown and Heady (2, 3). The co-
ef ficient of variation, the year-to-year changes aa a per 
oont of the mean, and the range as a per cent or the mean 
were used to measure variabilities of groaa incomes, total 
oosta, returns per $100 all costs, and returns per $100 feed 
costs . Technical i nput- output coef ficients were assumed as 
constant parameters . The analyaia was mainly concerned with 
the income var1ab111t1ea associated with price uncertainty . 
The effeat of reducing i ncome variability through diversifi-
cation was i nvestigated by combini ng two enterprises 1n 
varying proportions under the assumption that the variance , 
the standnrd devi ation, and the coefficient or variation of 
prices are constant parameters . The mar gi nal variance and 
the proportions of resources in each enterprise which would 
m.1n1m1ze the variance were also computed . The ef fects of 
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reducing income variability by the combination of three and 
four enterprises were also examined . 
All the above studies had one thing in common# 1 .e . # 
they used averaee annual prices for both factors and prod-
ucta . Such a procedure does not seem realistic . Farmers 
do not actually receive or pay average annual prices . Ex-
cept f or egge and milk, they receive and pay the market 
prices on several particular daya, often within rel tively 
short period.a . Use of average annual prices might Wlder-
estimate the variability of income and overestimate the 
coefficient of variation between any two enterprises . 
Year-to- year price variability for particular days 10 
greater tho.n that of the average annual prices , because 
fluctuations in prices tend to be averaged out in average 
annual price data . Underestimating income variability and 
overest~mat1ng the coefricient of correlation cause the 
effectiveness of d1vera1r1c t1on as a means or lessening 
inoome vai~iab111t1es to be underrated . 
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III . OBJECTIVES 
The objective of this study le to analyse the effect of 
reducing price and income variability in livestock produc-
tion through divera1f1oat1on. I n order to attain this ob-
jective, the followin~ subobjectives are investigated: 
1. To measure and compare the variabilities of prices 
and feed returns aosooiated with nine selected livestock 
enterprises . 
2 . To compute the coefficient of correlation of prices 
and f eed returns between any two 11veotock enterpr1aee as a 
baeis of exam1n1no the effect of diversification ns a mean 
of reducing the var1ab111ty of feed returns . 
3. To evaluate the effect of diversification in re-
ducing the variability or feed returns by combining two, 
three, and f our enterprises. 
4. To determine the range that d1vers1f1cat1on will 
raise feed returns on the ono hand and reduce the var1-
ab111 ty of feed returns on the other hand . 
5 . To determine to what extent t he ehift of a part of 
feed resources from an enterprise with low variability of 
f eed returns to an enterprise with high var1ab111ty of feed 
returns can reduce the total vnr1ab111ty of feed returns. 
6. To determine how much feed returns will be sacri-
ficed 1.n order to reduce the variability of feed returns b~ 
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a certain f1gure. 
7. To determine the minimum variability in feed re-
turns that can be attained by the combination of two enter-
prises. 
8 . To determine the op timum choice 0£ the combination 
of feed returns and t he variability of feed returns under 
the assumption that the farmer's preference ia kno~m. 
9. To determine how f ar d1vers1f1cat1on can reduce the 
variability of feed returns by 1ncreaa1ng the numbe~ of 
enterprises to three and f our . 
As stated above, previoua work has been done i n this 
area by Brown and Heady. But annual average prices were 
used in their studies in computing both returns and costs . 
This seems not only unrealistic, but also likely under-
estimates the effeotiveneao of divera1f1cation aa a meann 
of reducing income var1ab111ty . Therefore, i n this study, 
the most typical livestock and poultry enterprises were 
selected and weekly average prices were used f or all prod-
ucts except f or eggs nnd milk, Mon thl y average prices were 
used 1n computinB f eed coat . 
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IV . THEORETICAL FRAMEWORK 
A. Static Equilibrium of the Firm 
I n the static theory of the firm, profit can be maxi-
mized, under pure competition, by allocating the resources 
in such a way that: 1. the marginal rate of transfonnat1on 
of any factor into any product is oquo.1 to the inverse ratio 
of their prices, 2 . the marginal rate of substitution be-
tween any two .factors is equal to the inverse ratio of the 
pr1cea of the two factors, and 3. the marginal r te of sub-
stitution between any two products is equal to the inverse 
ratio of the prices of the two products (12, pp . 78-88) . 
These relationships can be expressed simply by the 
equation 
dy PX - --dx p y 
I n the factor-product rel t1onsh1p, y refers to a product 
and x refers to a factor. Py and Px are the prices of the 
product and the factor respectively; ~ la the marginal 1•ate 
of transformation of the factor into the product. The 
latter is represented by the slope or the production func-
tion ns aho\'m in Figure 1. Pl"of1t is max1m1zed at point P 
where the price line 1a tangent to the production function . 
I n the factor- factor relationship, both x and 
12 
represent factors. Px and Py are the pricen of the two 
f ac tors; ~ 10 the marginal r ate of substitution between the 
two factors. This r a te is represented by the slope of the 
1so- product C\ll've as shown 1n Figure 2 . ;~ refers to the 
slope of the 1so-oost line. The least-cost combination of 
resources x and y is attained at the point of tangency of 
the two lines, P. 
Finally, in the product-product relationship , both x 
and y represent products; ~ is the marginal rate of substi-
tution between the two products and is represented by the 
slope of the production possibility curve as shown in 
Figure 3. ~~ refers to the price r atio of the two products, 
or the slope of the ieo-revenue line . The optimum combi na-
tion for producing these two products is at the point P 
where the !so-revenue line is tangent to the production 
possibility curve . 
There are two basic assumptions underlying these condi-
tions . They are: 1. all economic processes are 11 e1ngle-
per1od11 or 11 t imeless, 11 f.lnd 2 . the entrepreneur has a. perf'ect 
knowledge of the future situation or price relationship as 
well as technical production relationshl.p, eto . (20, p . 5) . 
If production processes are completed instantaneously, the 
above conditions will be met . Because it is not necessary 
to consider the time element 1n deolsion-making, the prices 
of factors and products and the technical produc tion 
Pigure 1 . 
Figure 2 . 
Pigure 3. 
Max1mizat1on or profits by equating price 
ratio and the marginal physical product 
M!nimization or cost by equating price ratio 
and the marginal rate of substitution between 
two factors 
Maximization of profit by equat1.n3 price ratio 
and the marginal rate of substitution between 
two ~roduots 
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relationship cnn be considered as constant parameters . How-
ever, this assumption is unrealistic in agricultural produc-
tion since the production period is characteristically very 
long . I f the rirst aasumption, 1,e . , timeless production, 
is dropped, and the second retained, the static model be-
comes dynamic with respect to time. But the condi tions o . 
optimal resource alloca tion still hold true eo long as the 
entrepreneur has perfect knowledge or f oresight . However, 
the eecond aaaumotion is also unrealistic . r r both assump-
tions arc dropped, the time element becomes a factor i n the 
decision-making process and the latter becomes a kind of 
~uesswork . Before he allocates hie resources, the entre-
preneur has to f ormulate an expectation of the future pr1cea 
ot both factors and products and input- output relationships 
based on his personal experience or some other information . 
His decision- making will be per fect if his expectations 
prove accurate . If his expectations are not realized, the 
!!_ante optimum condition will fail to be achieved in the 
~ ooat sense and he ma.y suffer a aevere loss . Therefore, 
how to allocate resources with imperfect lmowledge of the 
future is the real difficulty faced by farmers in dec1s1on-
mak1ng . 
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B. Production Planning under Imperfect Knowledge 
There are a number of measures which onn be taken by 
farmers .in response to the consequenaes of uncertainty . 
These may take one or more of the following three forms : 
1. acceptance, 2 . Shi.ft, and 3. avoidance (1, pp . 57- 59) . 
The well -established farme.r who has a large equity and capi-
tal and possesses the necessary peycholog1cal character1s-
t1c o may choooe to accept uncertainty. He may adjust his 
capital structure, liquid assets, and scale of operation to 
increase his ability to withstand an unf'avorable economic 
outcome . But those farmeru who do not have the necessary 
f1nano1al ab1i1ty and/or psychological character1st1ce are 
not able to accept uncert inty in thia way . A big loss in 
a sin e year mo.y force them out of business . So they may 
shift uncertainty or avoid it rather th ·n accept it . To 
shift uncertainty from an individual to a public group naa 
a sound econom1o base and psychological motive . Fo1"tllal i n-
surance a.nd form1rd con tracts are of th1s f orm. Farmers rna.y 
exchange nn unknown f or a known throuch paying a prenrl.um; 
the insurance company can , thl'ou:;h evaluation of group 
events, convort (individual) uncertainty to a group (risk) . 
A farm operator unable to accept uncertainty because of 
f inancial and/or psychological reasons, or to shift 1t, can 
seek only to avoid it. This ie the most common measure 
available to meet uncertainty. Selection of products or 
production processes with low income vai.,1ab111t1ee, d1vere1-
f1oat1on, and f lexibility are of this f orm. This study 
mainly deala with divera1f1cation as a means to avoid (or 
reduce ) income variability. 
1 . Measurement of uncertainty 
Uncertainty is a subjective matter . It cannot be 
measured objectively. Then, how can it be measured so as to 
aid farmers in more ef f1c1ent decision- making? Since the 
future is always uncertain the entrepreneur, when he makes 
hia future plan, has to form an expectation of future 
pr1ces, yield, etc. He may expect future pr1oe to be a 
definite value, e .g . , the price of corn next year to be 
$1 . 00 a bushel . This does not imply that the farmer has 
perfect knowledge . The actual price may differ from the 
expected price . It is more likely that the entrepreneur hae 
an expectation that the future price has a set or possible 
values with a probability attached to each value. For ex-
ample , the farmer may expect that the price of corn next 
year will most likely be $1 . 00 a bushel, but it may range 
anywhere rrom $0 .80 to $1 . 20. So he has a probability dis-
tribution of the expected values . The mean value of the 
probability distribution may serve as the basis of his 
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expeotat1on. 1 The definiteness of the expectation of the 
mean value depends upon the dispersion of the probab111ty 
distribution. The greater the dispersion, the leas definite 
the expectation of the menn value . So, dispersion can be 
uaed to measure the degree of uncertainty . 2 
The entrepreneur must have aome basis upon whioh to 
formulate price expectations. If the income variability of 
beer- cattle feeding has been greater than that of dairy in 
the past, it is likely the former will be greater than the 
latter in the near future . So the historic variability of 
income can be used to estimate the uncertainty 1n the 
future. 
The measurement of the dispersion of a probability dis-
tribution, according to Kendall (14, p . 38), can be classi-
fied into three groups : 
l . Mea ures of the distance (in terms or the varia te) 
between certain representa tive values , such as the range, 
the 1nterdec1le range or the interquartile range. 
lLange uses mode, the most probable va lue, to serve as 
a bnsis of the entrepreneurto expectation (17, pp . 29- 34 ). 
However, in this study, the mean 1s used, because there are 
many advantages in using the mean in statistics. 
2Lange uses the range to measure uncertainty (17, pp . 
29- 34 ). In this study some others are used. For detail 
see next section . 
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2 . Measures compiled from the deviation of every mem-
ber of the population (or sample ) from some central value, 
such as mean deviation from the mean, mean dev1at1on from 
the median, the standard variation, and the variance . 
3. Measures compiled from the deviations of all the 
members of the popul a tion (or sample) among themselves, such 
aa the mean difference, and the first di!'fercnce . 
The measures of dispersion stated above are absolute 
measures . If we wnnt to compare two populations (or 
samples) with different size of means, the absolute dis-
persion cannot be uaed satisfactorily . Here we should use 
the relative dispersion which is the traction or the mean. 
The coefficient of variation io most commonly used for this 
purpose , In this study, the range as a per cent of the mean, 
the first difference as the per cent of the mean (or the 
year-to-year ohangcs as a per cent of the mean), the vari-
ance, the standard devia tion, and the coefficient of varia-
tion are used to measure the var1ab111t1es of prices and 
i ncomea for nine livestock enterprises . They are defined as 
follows : 
The range is defined as the difference between the 
gr eatest and least variate in the distribution; the range as 
a percentage of the mean is expressed by the ratio of the 
range and the mean expressed in percentage form . The year-
to- year changes (or the first difference) are computed by 
20 
adding the absolute changes in value from one year to the 
next ye r and dividing by n - 1, where n 1s t he number of 
years . Th year-to-year changes a s per cent of the mean 
are t he i•at1o of the year-to-year changes and the mean ex-
pressed in percent age f orm. Variance (s2 ) is defined as 
n 
L 
2 (Xi_ .. X) 
2 i = l S m ~~~~---~~-
n - l 
and the square root of t he variance, S, ie defined a s the 
standard devi tion . The r t1o or t he standard deviation and 
the mean expressed in percentage form are defined as the co-
efficient of variation. 
2 . Divers1r1ca tion 
Diver 1flca t1on is a means of maximizing prof it through 
supplementary and. complementary relationships, or by 
equating the marginal rate of substi tution between two 
products and their price ratios. The supplementary rela-
tionships exist hen a stock or f low o f resources is not 
exhausted completely by one enterprise. It is possible, 
when a supplement ary relationship exists, to increase pro-
duction of an enterprise without decreasing t he production 
of the others. For example, t he laying f lock enterprise oan 
be added to the hog enterprise i n order to utilize family 
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labor more efficiently o.nd thereby increase income. When 
the complementary rel tionahip exista between two products, 
the profi t can be maximized only if the combination of the 
two products is produced (9, pp . 248- 249). A tyoical ex-
ample of such relationship le the production of forage and 
grain . The relationship is shown 1n Pigure 4. The produc-
tion possibility curve f or producing varyin6 combinations 
of grain and f orage with gi ven resources is shown by abc . 
The range of complementarity is ab and be, the r nge of sub-
at1 tut1on. Within the range of complementarity, by 
shifting resources f rom grain to f orage , the production of 
grain 1norcases as the production of f or ge increases . So, 
the p~ofit will be maximized only if a oomb1nat1on of the 
two products 1e produced. Within the range of substitution, 
be, the prof it will be maximized b equating the mo.rginal 
rate of substitution between tho two products to their price 
ratio which is stated in the previous section . 
Under risk and uncertainty, the entrepreneur does not 
always operate at the optimum level even i f the price ratio 
indico.tea so. This is shown in Figure 5 . The production 
possibility curve of producing products Y1 and Y2 is abo. 
The two straight lines, ad and ce, indicate hypothetical 
price ratios . I f the entrepreneur expects the price ratio 
of the two products to be ad, he should apeo1al1ze in prod-
uct Y1 . I f the expected price ratio ie ce, he should 
Pigui•e 4. 
Figure 5. 
Grain- f orage ~roduotion poas1b111ty curve 
(hypothetical) 
Diversif ication ae a means to reduce the 
variability of income 
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specialize in product Y2, eo that the profit will be maxi-
mized. However, 1f the price ratio comes out to be ce 
instead or ad, while the entrepreneur specializes in Y1, the 
profit io at the low level as sho~m by 1so-revenue line af. 
By the same token, i f the price ratio comes out to be ad 
while he specializes i n Y2, the prof it ia at the low level 
shown by the !so-revenue line cg . 
I 
If the entrepreneur produces the combination of the two 
products at the point b on the production possibility curve, 
then , no matter which price r a tio comes out, the prof it is 
always higher than that resulting f rom specializa tion i n 
either product when the expected prices are not realized . 
Isa-revenue lines bh and bi, although lower than those of ad 
and ee, are always higher than those or a f and cg . So 
d1 vera1f1cation is a lso a mean s of reducing i ncome vari-
ability . The effectiveness of diversification in reducing 
variability of feed return s depends upon the coef ficient of 
correlation of feed returns between two enterprises, and the 
ratio of variances of feed returns of the two enterprises i n 
the combination. If the coefficient of correla tion between 
enterprises A and B is -1, then when f eed return s from 
enterprise A go down, f eed returns f rom enterprise B go up . 
So the decline i n returns in enterprise A will be of f set by 
the gain 1n enterpriae B, and vice versa . I f the coeff i-
cien t of correlation is not negative, the loss i n one 
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enterprise will be still partly offset by the gain in the 
other enterprise if the coefficien t of correlation between 
the two products ia not too large . This relatlonsh1p will 
be discussed in more detail later. 
Suppose a farmer has a fixed amount of f eed resources 
and ls allocating it to enterprise A. Whether the shift of 
a part of r eed resources from enterprise A to enterprise B 
w111 reduce the variability of f eed returns depends upon the 
coefficient of correla tion of the f eed returns between the 
two enterprises, the proportion of feed resources a llocated 
to each enterprise, and the ratio of the variance of enter-
prise A to the variance of enterprise B when all the f eed 
resourcea are a lloca ted to enterprises A and B respectively. 
These relationships can be seen clearly f rom the f ollowing 
equations . Let SA2 and sB2 be t he variances of e nterprise A 
and enterprise B when the farmer specializes in enterprise A 
and enterprise B respectivel y; SA the standard deviation of 
enterprise A and SB tha t of enterprise B; r, the coefficient 
or correlation of feed returns between the two enterprises; 
q, the proportion or f eed resources nllocated to en terprise 
A; RA and RB, the feed returns to enterprises A and B under 
a~ecialization . Then, the total feed returns, R.r, and the 
tota l variance# sT2 , of the combination of the two enter-
prises are represented in Equations 1 nd 2 (9, pp . 510-
516). 
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{Eq. l) 
{Eq . 2 ) 
The total variance will increase, remain unchanged, or de-
erease 1!' {l - q)2sB2 + 2rq{l - q)SASB is greater , equal, or 
less than (1 - q2 }sA2 • That is, 
(Eq . 3 ) 
Therefore, whether d1 vers1f icat1on will reduce variability 
or feed returns or not depends upon the value of r, q, a nd 
8B
2 
Ii' sB2 ia equal to SA2, the magnitude of r which will 
SA2· 
redu_ce the total variance can be determined by Equation 3 . 
Simp11fy1ng Equation 3, the condition neo~ssary for total 
variance to be reduced is: 
r < l 
That is, if SA2 is equal to SB2 and r is less than 1, then 
the shift of feed resources f rom enterprise A to enterprise 
B will reduce the total V4:.riance. Next , suppose that half 
or the feed resources is shif ted from enterprise A to 
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enterprise B, and the coefficient of correlation is zero; 
then, from Equation 3, the total variance will increase, 
remain unchanged, or decrease according to this equation : 
As lonB as SB2 is less than 3SA2, the diversif!oation will 
reduce variability of feed returns. This explains the 
possibility that the shift of a part of feed resources from 
an enterprise with low va.r1ab111tl of feed returns to an 
enterprise w1 th high var1ab111 ty of f eed i.,eturns can reduce 
the totnl variance . I f r is negative, it 1e possible to 
reduce the variability or feed returns, even if sB2 1s 
greater than 3SA2 . 
From Equation 2 the first derivative with respect to q 
is 
2 ~ 0 2qSA2 - 2 (1 - q )SB2 + 2r (l - 2q)SASB (Eq . 4) 
This is the marginal variance . It means the amount that the 
variance is reduced or i ncreased by the shift of a unit of 
feed rcaouroes from enterprise A to enterprise B. By 
setting Equation 4 equal to zero, and simplifyi ng it, the 
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value of q which wi.11 minimize the total variance is 
(Eq . 5 ) 
This 1s the necessary condition for minimizing the total 
variance . The sufficient condition requires that the second 
derivative with respect to q be greater than zero. 
1 . e., 
The value of q which will minimize the standard devia-
tion is exactly the same us that of the variance because the 
standard deviation is the square root of the variance. 
Since the mean of feed returns of each ente1pr1se is 
not the same, and the variance or the standard deviation of 
the l arger mean 1a likely to be greater than that of the 
smaller mean, it is better to compare their coefficient of 
variation (C) . By dividing Equation 2 by Equation 1, we get 
Jq2SA2 + (1 - q )2sB2 + 2rq ( l - q )SASB 
qRA + (1 - q )RB 
(Eq . 6 ) 
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Since the value of q which min1m.1zea CT and CT2 are exactly 
the same, we s quare Equation 6 to get Equation 7, which ~~ll 
facilitate tho algebraic manipulation . 
(Eq . 7) 
Set the first derivative of Equation 7 with respect to q 
equal to zero, and aimplify it, and the necessary condition 
for minimizing c2 13 obtained . 
This specifies the value of q that minimizes the square or 
the coefficient of variation aa well aa the coefficient of 
variation. 
So far the effect of d1vere1f1cat1on in reducing vari-
ability of feed returns by combining two enterprises has 
been examined . However, farmers may have a combination of 
more than two enterprises . What is the effect of divers1fi-
cat1on by combining three and four enterprises? Let a, b, 
c, and d be the proportions of feed reeouroea allocated to 
the enterprises A, B, C, and D, respectively, where 
a + b + c + d = 1 
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Then, the total variance of the combination of the four 
enterprises, ~2, i s 
(Eq. 8 ) 
Set d equal to zero, Equation 8 reduces to 
(Eq . 9 ) 
which specifiee the total variance ot the combination of 
three enterprises. If c and d are zero, Equation 8 reduces 
to Equation 2. Assume the variances of enterprises A, B, 
C, and D are the same, the coefficients of correlation for 
each two enterprises are all 0 .5, and the proportions of 
feed resources a llocatod to each enterprise are the same . 
If the feed resources are allocated to enterpri se A alone, 
the total variance 1a sA2 . If the feed resources are allo-
cated to two enterpr1sea, the total variance becomes 0 .75 
SA2, while it becomes 0.667 SA2 when three enterprises are 
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combined, and o .625 sA2 f or four- enterprise eomb1nat1ona . 
Bo the reduction in variability or feed returns dimimshea 
as the number of enterprises increases . Reduction of vari-
ability in feed returns la quite zrea.t when a second enter-
prise is added to t ho f1rBt, but adding the third enterprise 
resultn 1n a smaller reduction. Of course, the result also 
will be a function or the magnitude or ooerr1c1ents of 
correlation, proportions of feed resour~ee allocated to each 
enterpriae, and the variance of each enterprise . 
3. Ootimum choice or the combination of .feed retUI,na 
and stability 
For simplicity, the variance of feed returns is used as 
the measure of var1ab111ty . 1 If two enterpr1aea A and B are 
combined, the total r eed returns and the total variance or 
the combination oan be expressed by Equations 1 and 2 . From 
Equation 1, we get 
(Eq . 10) 
By substituting Equation 10 into Equation 2 and simplifying 
it~ the opportunity function or the level of feed ret\U'ns 
1The theory of choice holds true for using other 
measurements, such a s tho standard deviation and the coef -
ficient of variation . 
and var! b111ty of reed returns is obtained. 
+ RA23n2 + RB2sA2 - 21'RARBSA813 
(RA - RB)2 
&r2 is the quadratic ... unction of Rrr· 
(Eq. 11) 
Taking the first derivative of Equation 11 with respect 
to RT• we get the olope of the opportunity curvo . 
(Eq . 12) 
This repreoenta the m3.rg1nal r te or aubat1tut1on of the 
level or feed returno r or the var1nb111ty or feed returns, 
i .e., the amount by which variance will increase (or 
deorcaee) by increasing feed returna by one unit . By 
setting Equation 12 oqual to zero, we get the a.mount of f eed 
returns uhich can be attained while the variance or f eed 
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returns is minimized. 
(Eq . 13) 
This is the necessary condition . The euffio1ent condition 
requires that the second derivative be greater than zero, 
1 .e., 
Since SA2 + SB2 - 2rSASD 16 always greater than zero, 1 the 
·Sufficient condition is satisfied. 
AGauming that tlte shape of the farmer ' s indif.ferenoe 
curve 1B lmown, the optimum oomb1 a.tion of enterprises in 
terms of the level of reed returns and the va.r1ab111ty of 
feed returns can be determined. Suppose the farmer hao a 
lTh~ limit of r is -1 ~ r ~ 1. 
,... 
+ sB2 { SA - SB)2 ~ 0 If r = 1 sAc. - 2SASB .., 
r a - 1 sA2 + sB2 + 2SASB = (SA + SB)2 ~ o 
r s:: 0 SA2 2 + SB ~ o. 
34 
ut111t £unction 
(Eq . l4) 
and the opportunity function, Equation 11, can be written in 
an implicit form, 
then the optj.mum choice between the level of feed returns 
and the variance or feed returns can be a ttained by ma.Xi-
mizing Equation 14 subjact to t ho constraint, Equation 15 . 
To solve the conatra1nt-max1mum problem, we introduce the 
.La.grange mul t1pl1er, >-.. , and f orm the func t1on 
F = U(R,s2) + A. f (R,S2 ) (Eq . 16 ) 
and set the partial der1vat1vea equal to zero: 
(Eq . 17) 
2 2 Fs ... us + A. r s2 = o (Eq. 18 ) 
FA. = f (R,S2 ) = 0 (Eq. 19 ) 
From Equations 18 and 19, after eliminating the Lagrange 
multiplier, we get the necessary oond1t1on for the maximum 
ut111ty. 1 
(Eq. 20 )2 
The left side of Equation 20 stands f or the slope of the in-
difference curve, or the ratio of the marginal ut111t1es from 
feed returns and variance of feed returns, while the right 
side refers to the slope of the opportunity curve or the 
marginal rate of substitution of feed returns for the vari-
ance of f eed returns. 
Thie condition can be explai.ned geometrically . Figure 
6 shows the opportunity ourve of the feed returns and the 
variance of feed returns aa shown in Equations 11 and 15 . 
Enterprise A gives lower feed returns wlth higher vario.nce 
while enterprise B gives higher feed returns with lower 
variance . The point a represents the level of feed returns 
and the variance of reed returns when specializing in 
1Th1s procedure of maximizing ut111t~ does not imply 
the measurab111ty of the utility, see (16 ). 
2The subscripts stand f or partial derivatives, e.g . , 
-au ar UR ~ ~ , f s2 a ~ , eto . 
(}R as 
Figure 6. Opportunity curve of the level of feed returns 
and the variability or feed returns 
Figure 7. Opportunity curve of the level of feed returns 
and the stability of feed returns 
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enterprise A, and the point b, apeo1al1zing in enterprise B. 
The level of feed returns and the variance of recd returns 
ssociated with varying de ees of diversification are shown 
by the opportunity ourve acb in Figure 6. The point o shows 
the levol of feed returns which minimizes the variance ae 
shown in Equation 13 . I f stability or feed returns is 
measured by the reciprocal of the variance, the opportunity 
curve in Figure 6 can be shown by Figure 7. Starting from 
a •, by shifting feed resources from enterprise A to enter-
prise B, both f eed returns and stability increase within the 
range a.'c' . 'l'his is called the complementarity range . 
Within this range, the slope of the opportunity curve 1s 
pos1t1ve, 1 and f eed returns and stability move in the same 
direction . So long as the complementary range exists, it is 
possible to make recommendations to the farmer, without e ven 
knowing the farmer ' e preference with respect to feed returns 
and stability, to continue to shift feed resources from 
enterprise A to enterprise B. At point c ' , the feed returns 
with maximum stability are a ttained . Beyond this point, the 
slope or the opportunity curve becomes negative; feed re-
turns and stability move in different d1rect1ons. The in-
crease in r eed returns le accompanied by a decrease in 
stability. This 1a the r ange of substitution . In this 
lit is negative in Equation 12. 
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range, it ia not possible to make any reoommendat1one with-
out knowing the farmer 's preference with respect to feed 
returns and stability of feed returns. 
The farmer ' s preference with respect to feed returns 
and stab1l1ty can be shown by indifference curves . The 
shape of the indifference curve varies for individual 
farmers . It depends upon the individual farmer ' s psycho-
logical and financial condition. A young farmer with 
little capit a l and low equity may attach more value to 
st bility than feed returns. His goal may not be profit 
max1mization. High feed returns with a high var1ab111t y 
may cause him to become bankrupt in n year of a heavy loss 
and r orco him out of business . So hle goal may be survival 
in the short-run . On the other nand, a well-established 
farmer with large capital and equity, who possesses neces-
eary peyoholo !cal characteristics may attach a higher value 
to feed returns than to stability of feed returns . A heavy 
loes in one or a few years may not cause him to become bank-
rupt because his capital position enables him to withstand 
losses and stay in business . The losses can be offset by 
profits ln other years. In the extreme case of the first 
kind of situation, the shape of the indifference curve is a 
vertical line 11 11 in Figut'e 8, while in the other extreme 
case, it takes the form of a horizontal line 1212 . However, 
f or most farmers, indifference curve 1313 may be the moat 
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Figure 8. The optimum choice or enterprise combination 
with respect to feed returns and stability 
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typical shape . The point of tangency of the indifference 
curve and the opportunity curve , where the slopes or the 
indifference curves and the opportunity curve are the same, 
gives the combination or f eed returns and the stability o r 
f eed returns which maximi.zes the farmer ' s utility . This 1s 
the optimum choice of the combination of feed returns and 
the stability of feed returns . 
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V. EMPIRICAL ANALYSIS 
The budget method was used in this study to obtain feed 
costs and returns for typical livestock and poultry enter-
prises in Iowa over a period of 28 years from 1933 to 1960 . 
The budgets were constructed for the following nine enter-
prises : 1 . one litter hog system (hogs 1), 2 . two litter 
hog system (hogs 2 ), 3. beef-oalt feeding (calves), 
4. yearling oattle feeding (yearlings ), 5 . beef- eow herd 
(beef herd), 6. dll.iry-cow herd (dairy herd), 7. laying 
tlook, 8 . lamb feeding (lambs), and 9 . ewe flock . 1 Returns 
per $100 feed fed for each enterprise over the period of 28 
years from 1933 to 1960 were computed . The variability of 
the feed returns for each enterprise was then measured and 
the effect or reducing the variability of feed returns 
through d1vers1f1cat1on investigated. 
A. Source of Data 
The input-output coe.ff1c1ents uaed to construct the 
ente.rprise budgets were mainly obtained from Gibbons' 
Bac1cground Information for Farm Planning (6 ) and other pub-
lications based on average Iowa farm cond1.t1ons . Death loss 
lThe detailed information about the nine livestock and 
poultry systems is given in the Appendix. The notations in 
the parentheses are abbreviations of the corresponding 
enterprises which Will be used hereafter. 
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and shrinkage which affect returns were included . The var1-
ab1li ty o~ feed returns and the reduction of var1abil1ty of 
feed returns dealt with in this study are solely due to 
price fluctuation. 
Except for eggs and milk, f or which annual Iowa average 
prices were used, the average Iowa weekly prices f or prod-
ucts and average Iowa monthly pr1ceG f or feed were applied 
to the input-output coef f1c1ents to comnute returns per $100 
feed fed f or each enterprise. Moat of the price data were 
obtained from Livestock , ~' !!Q.Ql. Market News (30 ), Crops 
and Markets (26), .Aaricul tural Statistics (25 ) , Dairy 
Stat1st1cs (27 ), E and Poultry Statistics (28 ), Agricul-
tur~l Prices (24 ) , ~ ~ Science (13 ), and other publi-
cations of the United States Department or Agriculture . The 
prices or products and factors per ee were not deflated; 
however, the effect of deflation i s attained in the 9roceas 
of computing returns per $100 f eed fed. 
B. Assumptions 
In analyzing the effect of reducing variability of feed 
returns through enterprise combination, the f ollowing 
aasumptiona were made: 
1 . In short-run livestock production , farm buildings 
and other apecinlized factors are fixed . Farm labor which 
oonn1stn mostly of ramil y labor 1s a lso considered to be 
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f1xed. It ie aaaumed that the farmer has a quantity of feed 
resources which can be allocated to several alternative 
enterprises. He wanta to maximize feed returns while 
holding the variability at a given level, or min1m1ze the 
variability of' feed returne at a given amount of feed re-
turns . 
2. As in linear progranuning, output and feed returns 
or eaoh enterprise are assumed to be linear functions of 
feed resources within the relevant range of invest1sat1on . 
3 . There are no supplementary or complementary rela-
tionships among enterprises . All enterprises a.re competi-
tive in using feed resources. 
4. Input-output ooeffioients are assumed to be con-
stant over the period of investigation. 
5 . The level of feed returns., the v"ariance 1 the 
standard deviation. the coefficient of variation, and coef'-
f1cient of eorrelation are assumed ns constant parameters . 
Under this assumption, the et'fect of diversification and the 
oho1ce of the combination or feed returns and the variability 
of feed retu~ns we1"e analyzed. This study does not attempt 
to deal with the probability distribution and variance pre-
diction . 
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C. Price Variability and Correlation 
between Prices 
The price variabilities of ten livestock and poultry 
products from 1933 to 1960 measured by the variance, the 
standard deviation, the coefficient of variation, the range 
as a per oent or t he mean, and the year-to-year changes as 
a per cent of the mean are presented in Table 1, and the 
coeff1o1ents of price correlation between any two products 
f or the srune p~r1od are given i n Table 2 .1 Since the prices 
are quite different among products, it is meaningless to 
compare their absolute dispersion , ae measured by the vari -
ance and the standard dev1at1on . The variation of price 
variabilities among products measured by the coefficient of 
variation 1s quite small, and the coefficients of price 
cor1"elation are quite high. This 1s because the prices were 
not deflated . The trend o~ the prices received by rarmers 
was upward rrom 1933 to 1946 and remained quite stable after 
1947 (23 ) . The upward trend in priees causes the small 
variation. among pr!ce variabilities and high coefficients of 
pr·ice correla.t1on. Under these cond1 tiona, the range aa a 
per cent of the meanJ and the year-to-year changes as a per 
cent of the mean seem to be more appropriate to measure 
1The inf ormation about the ten livestock and poultry 
products 1s given in the Appendix . 
Table 1 . Pr1ce variabilities for ten liv.estock products i n Iowa, 1933- 1960 
Range as a Year-to-year 
Coef ficient per cent changes as a 
Average Standard of or the per cent of 
pr1ce Variance deviation variation mean the mean 
Hog s l ( $ per cwt.) 14 .08 33.823 5 .82 41.31 170 .17 23.64 
Hogs 2 ($per cwt.) 15 .55 39.228 6 .26 40 .28 138 .33 19.63 
Calves ( $ per cwt.) 19 .63 70.506 8.40 42 .78 157.11 16. 28 
Yearl ings 
($per cwt.) 20 .14 77 .810 8 .82 43.80 157.30 17.62 
Beef her d ~ ( $ per cwt.) 17~73 87. 446 9.35 52 .74 177 .. 89 17 .. 86 0\ 
nllry herd 
( $ per c vrt. milk ) 2 .83 0.990 0 .99 35 .16 115 .55 8 .61 
Laying f lock 
($ per dozen ) 0 . 27 0 .008 0 . 09 32 .26 10~ . 83 16 .73 
Lambs ($per cwt .) 16 . 94 56 .750 7.53 44 . 47 194 .16 16 .29 
Ewe f look 
($ per cwt.) 19 .08 68 .782 8 .29 43. 47 151.26 12.66 
Wool ( $ per lb . ) o.4o 0 .032 0 .18 44 .. 42 247 .50 27.31 
Table 2 . Coerficients of correlation 0£ prices f or ten livestock products 1n 
Iowa, 1933-1960 
Beef Dairy Laying Ewe 
Hogs 1 Hogs 2 Cal ves Yearlings herd herd rlock Lambs f lock Wool 
Hogs 1 
llog s 2 
Calves 
Yearl ings 
Beer her d 
Dairy her d 
Layi ng 
f lock 
Lambs 
Ewe 
f lock 
Wool 
1 0 .9543 0 .7346 0.6780 
1 0 .8629 0 .7640 
1 0 .9613 
1 
0 .6331 0 .8369 o . ~278 o. 6876 0 .7206 o . s~88 
0 . 6948 0 .8952 0 .8672 o. 7l~29 0 . 7819 0.5971 
0.8955 0 .9628 0 .8231 0 .8911 0 .9320 0.6919 
0 .9484 0 .9242 0 .7633 0 .9304 0 .9373 0 .7144 
l 0 .8554 o .6553 0 .8891 0 .8839 0 .6619 
1 0 .8782 0 .9054 0 .9390 0 .6945 
1 0 .8102 0 .8084 0 .6877 
1 0 .9589 0 .8407 
1 0 .7654 
1 
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price variability . 
If the upward trend 1n prices 1a removed, the variation 
i n price variabilities among products should be greater and 
the coefficients of price cor1 .. ela ti on should be lower . 
Tables 3 and 4 show the price variabilities and the eoeff1-
cienta of pri ce correlation for the period from 1947 to 1960 
i n which the trend of prices received by f armers was quite 
stable . There is much variation in price var1ab111ties 
runong tne ten products measured by either the coefficient of 
var1atj_on , t he range a s a per cent of t he mean, or the year-
to-year changes a s a per cent of t he mean. The price var1-
ab111 t1cs measured by the coefficient of vari a tion show that 
the pri ces of products or dairy herd, ewe f lock and laying 
f l ock are tho most stable among t he ten products; hogs 2 ,, 
yearlings, calves, and beef herd, next; and lambs, hogs 1,, 
and wool ,, t he moat unstable. However, high pr1oe var1-
ab111ty does not necessarily mean that the variability of 
f eed returns will be also high. Tho high price variability 
may be offset by t he variability of feed prices. For 
example,, the price variability or hogs 1 1a very hi gh; how-
ever,, the variability of feed returns is qui te low . This 
will be shown later . 
The priae correlation coefficients between hogs 1-
yearlinga, hogs l-beef herd, hogs 1-lrunbs,, hogs 2-beef herd, 
and laying f lock-beer herd sho~m in Table 4 are negative. 
Table 3 . Price variabilities f or ten livestock products in Iowa, 1947- 1960 
Range as a Year-to-year 
Coef f1c1ent per cent chan -es o.s a 
Average Standard or of t he per cent of 
p1~1ce Vario.nee deviation variatior. mean the mean 
Hogs 1 ($per ct t.) 17.66 17 . 461~ 4.18 (9) 23 .66 (9) 95 .81 (9 ) 23 .46 
Hogs 2 ($per cwt. ) 19 .73 14 . 797 3.85 (6 ) 19 .50 (4) 58 .84 (8 ) 18 .02 
Calves ($ per c t.) 26 .58 22 .396 4 .. 73 ( 4 ) 17 .80 (6 ) 65 .99 ( 4) 13 .21 
Yearlings 
( $ per cwt.) 27. 6~ 27 .651 5 .25 (5 ) 19.02 ( ~ ) 65 .17 (6) l !) . 79 
Beef' herd ..f::" 
( $ per c t . ) 25 .58 36 .081 6 .01 (8 ) 23 .48 (7) 72 .67 (2) 6 .49 \0 
Dairy herd 
(l) ($ per cwt. milk) 3.68 0 .114 0 .34 (1) 9.18 (1) 27 .72 6 .29 
Laying !'lock 
(3) (2 ) (7) 16.55 ( $ per dozen) 0 . 33 0 . 003 o.os 16.67 50 .76 
Lambs ($per cwt . ) 23 . 22 20 .667 4.55 (7) 19 .58 (8 ) 81 .22 (: ) 15 . 49 
Ewe .floe 
( ~per cwt . } 26 .51 15 .509 3.9It (2) 14.35 (3) 55 .22 (3) 11.74 
Wool ( $ per lb . ) 0 .50 0.032 0 .18 {10 ) 35 .89 (10 ) 154 . 00 (10) 30 . 31 
Table 4. Coefricients of correlation of prices for ten livestock products in 
Iowa, 1947-1960 
Beef Dairy Laying Ewe 
Ilogs l Hogs 2 Calves Yearlings herd herd flock Lambs ~lock ool 
Hogs 1 
Hoga 2 
Calves 
Yearlings 
Beef herd 
Dairy herd 
Laying 
flock 
Lamb a 
Et·re 
flock 
Wool 
1 o.8447 0.2847 -0.0017 - 0 .1649 o . 4234 o.4296 -0 .0088 0 .1240 0.0004 
1 0.5129 0 .2403 -0.0643 o.6756 0.6209 0 .1299 0 .2984 0 .0842 
l o.8545 0 . 5203 o.8444 o .J244 o .4698 o.6466 0 . 3546 
l 0.1885 o . 6~67 0.2644 0 .6576 0.6372 o . 4920 
i 0.1059 - 0 .1369 0 . 5118 0 .3317 o . 3291i 
l 0 .6881 0 .4088 0 .5970 0. 3472 
1 o.4364 o . ~776 0.3440 
1 o .7885 o .8439 
l 0.1106 
l 
U1 
0 
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It ouggesto that, 1£ these two enterprises are combined, the 
price var1s.b1l1 ty Will be reduced markedly . Ho\'rever, the 
eoeff1eient of correlation alone cannot opecify the extent 
that price variability can be reduced.1 If hods 1 and hogs 
2, calves and yearlings, oalvea and dairy herd, or lambs and 
wool a.re combined, the redUction 1n price var1ab111ty ia not 
great, because of the high positive coefficient or correla -
tion in the prices of each pair. 
D. Variability of Feed Returns and the Coefficient 
of Correlation of Feed Returns 
The var1ab111t1es nnd frequency d1ntr1but1on of returns 
por $100 feed fed for nine livestock and poultry enterprises 
from 1933 to 1960 are preoented ln Table 5 . The var1-
ab111t1ea of feed returns were meaoured by tne variance, t he 
standard deviation, the coef f1cient of variation, t he range 
as a per oent of the mean, and the year-to- year changes as a 
per cent of the mean. In eomparing the relative degrees of 
variabilities of feed returns, only relat~vc d1spers1on--the 
coefficient or variationj the range as a per cent of the 
mean, the year-to-~e r chn.ngee ao a per cent or the mean··-
were used, because the mean of feed returna is different 
from one enterpr~ae to another . The degree of variabilit y 
lsee seotiona IV-B and V-E. 
Table 5 . Variability and r requency distributi on of returns per $100 f eed f ed 
fo~ nine enterprises in Iowa, 1933-1960 
Return per Beef Dairy Laying Ewe 
$100 feed Hogs 1 Hogs 2 Calves Yearlings herd herd !'lock La.mb3 flock 
240 and over 0 0 0 l 1 0 0 l 0 
220 - 239 .9 0 l 0 0 1 2 0 0 0 
200 - 219.9 2 2 0 1 1 3 3 2 1 
180 - 199 .9 2 4 l 4 2 10 4 2 0 
160 - 179 . 9 J 5 2 2 l 8 6 5 2 
1l~o - 159 .9 11 8 6 4 7 2 8 4 9 
120 - 139 .9 3 5 8 5 2 2 5 3 7 
100 - 119 .9 5 3 8 5 4 1 2 4 7 
8o - 99 .9 0 0 2 5 5 0 0 l 0 
60 - 79.9 0 0 1 0 2 0 0 2 2 
4o - 59.9 0 0 0 0 2 0 0 0 0 
Less than 40 0 0 0 l 0 0 0 4 0 
\]l 
I'.) 
Table 5 (Continued) 
eturn per Beef Dair:y Laying E-rre 
$100 feed Hogs 1 Hogs 2 Calves Yearlings herd herd flock Lambs flock 
Mean 149 .05 158 .88 129.48 136.11 13.179 180. 48 159.86 130 .70 132.0~ 
Variance 713.56 846 .38 612 . ~5 2226.03 2710.85 799 .08 801 .90 3351 .35 727.98 
Standard 
deviation 26 .71 29.09 24.75 47 .18 52.06 28. 27 2e .32 57 .89 26 .98 
Coeffic1ent 17.12 18 .11 19.11 34.66 39. ,.,1 15 .66 17.)1 44 .29 20 . l.!3 
oi' variatJ.on (3 (4 (5 ) (7) (8 ) (l) (2 (9 ) (6 ) 
vi 
w 
Ran3e ns n 
68 . 42 69 .68 77.82 1~3 . 46 164 .}8 99 .0'-1 par cent of 1..10 .)4 6:; .53 68.59 
the mean (3) ( 4 ) (5 ) (8 ) (7 (1) (2 ) {9 (6 ) 
Year-to-year 
changes us a 
18. 93 14 .60 32 .61 23 . 66 14.59 17 .04 55 .84 12.45 per cent of 21 . 21 
the mean (5) (6) (3) (8 ) (7) (2) (4 ) (9 ) (1 ) 
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or reed returns measured by tho coefficient of vru.,1at1on and 
the range as a per cent of the mean showed the oame order, 
except for yearlings and beef herd. The numbers in the 
parentheses refor to tho order of atab111ty of the enter-
prises. Dairy herd, laying flock, hogs 1 and hogs 2 are 
aho~m to be the most stable; calvea, ewe flock, next; and 
yearlings, beef herd and lambs, the most unstable . The 
order when ranked on the buaia of variability menaured by 
the ear-to-~ear changes as a per cent of the mean is 
d.irrerent than the ranking on the baais of the coef fioient 
or variation and the range as a per cent of the mean . The 
ewe flock has a high ooe.rr101ent of variation, but has the 
lowest year-to-year changes as a per cent or the mean. This 
means that the feed returns from ewe !'look changed 'by a 
small, nearly regular, amount from one year to another . In 
thie case, the :rarmer will reel more certain although the 
coefficient of variation is quite h1 h. On the other hand, 
if an enterprise with t he same coer:r101ent of variation has 
high year-to-year· changes as a per oent of the mean, the 
change of feed returns from one year to the next may be 
large and random. In this case, although the coe:f'f1c1ent of 
variation is the same, the farmer will feel more uncertain. 
So far we have discussed dispersion as a measure of 
uncertainty. However, the skewness and kurtosis or the 
f requency distribution may also reflect the degree ot 
55 
uncertainty. The frequency distributions of returns per 
$100 feed fed for nine enterprises are presented in Table 5 
and Figure 9 . The frequency distributions of hogs 1, hogs 
2, calves, and l aying flock are skewed to the lert. Thia 
represents less uncertainty than those of symmetrical and 
right- skewed distribution. 1 If returns other than the modal 
one ($140- $160 for hogs 1 , hogs 2, laying f lock, and $100 to 
$140 for oalvea) are not rea lized, it ls more probable tha t 
higher returna will be realized. The expectations are in 
the direction of higher returns . In yearlings, beef herd, 
and lambs, there are no significant modes, The frequency 
distributions are scattered over the range from $20 to $260 
for yearlings and lambs, from $40 to $260 for beef herd . It 
is quite probabl e that either very low returns, very high 
returns, or returns between the two extremes will be 
realized . I n this case, farmers will have less confidence 
in their expecta tions of the future returns . The frequency 
distribution of these enterprises represents greater uncer-
tainty. Although dairy herd and ewe flock are skewed to the 
right, they are still quite stable because of high frequency 
around the mode. 
1rr t he mode does not occur, it is equally probable 
that the higher returns or lower retur ns will occur in the 
s~etrical di stribution, and it ia more probable that the 
l ower returns will be realized 1n the right-skewed distri-
bution. 
Frequency distribution of returns per $100 feed f ed for nine 
livestock enterprises in I o·-a, 1933-1960 
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The coef fioients of correlation of returns per $100 
feed fed for the nine enterprises are shown in Table 6 . The 
coefficients of correlation of hogs 1-yearlings, hogs 1-
lambs, hogs 2- yearlings, hogs 2-lambs, beef herd- laying 
flook, dairy herd-laying flock, dairy herd-lambs, laying 
flock-lambs, and laying rlock-ewe flock are negative . Thus 
they should be effective in reducing variability of feed 
returns; the low returns to one enterprise would be offset 
by the high returns to the other enterprise and vice versa . 
However, those combinations with high positive coefficients 
of correlation, such as hogs 1- hoga 2, beef herd- dairy herd, 
beef herd- ewe flock, and dairy herd-ewe flock would 
seemingly have little tendency to reduce variability; high 
returns tend to occur for both enterprises at the same time, 
while it is very likely that low returns will occur for both 
enterprises at the same time. However, the coefficient of 
correlation alone cannot indicate if, or how much, the vari-
ability can be reduced by the combination or enterprises . 
E. Errect of Diversification on 
Variability of Feed Returns 
As a lready discussed in section IV-B- 2, the effective-
ness of d1vers1f1cat1on in reducing variability of feed 
returns depends upon the proportions of feed resources 
al located to each enterprise, the coefficient of correlation, 
Table 6. Correlation coefficients of returns per $100 reed for nine 
livestock enterprises 1n Iowa, 1933- 1960 
Beef Dairy Laying 
Hogs 1 Hogs 2 Cnlvea Yearlings herd herd flock Lambs 
Hoga l l o . 847~ 0 . 09.:::>3 - 0 . 2533 0 . 2240 0.1091 0 .2289 - 0.0483 
Hogs 2 1 0 .1607 - 0 . 2119 0 .1416 0 .0947 0 .2655 - 0 .0838 
Calves 1 o . 4712 0 .3361 0.1576 o .o418 0 .0260 
Yearlings l 0 .2173 0 . ::>331 0 .0539 0 .10~2 
Beer herd l 0 .762:,; -0 .3250 0 .0728 
Dairy herd 1 - 0 .1329 - 0. 3549 
Lay~ng 
Ewe 
flock 
0 .1894 
0.0::>89 
0 . 1~36 
0 .0036 
0 .8358 
0 .7036 
f lock 1 - 0 .0217 - 0 .2039 
Lambs 1 0.1176 
E\'•e 
f lock 1 
v"l 
\0 
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and the i~e1at1ve variances of the tt'fo enterprises in t he 
combination. Assume q = O.? . The Equation 3 reduces to 
sB2 2rSB > -~ + = l (Eq. 21 ) 
3S 2 3S < A A 
I f r = O, the second term disappears. The total variance of 
Cl 2 UB 
the oomb1nat1on, then, will be reduced if ~ is l eas than 
3SA 
1. I f r is negative, then the tota l variance will still be 
s 2 
reduced even 1f B
2 
is larger than 1. I n hogs 1-yearl!ngs 
3SA 
combination, the added enterprise, yearlings , has a l arge 
vari ance which is more than three times that of hogs 1 . But 
the coeffi cient or correlation between these two enterprises 
is negat ive (-0 . 2~34 ). The increment i n the total variance 
due to the large variances or yearlings is lees than t he 
decrement in total variance due to the negative value of r . 
sB2 
The l arge variance of yearlings causes~ (= 1 .0439 ) to be 
3SA 
greater t han 1; however, tho negative correlation ooeff1 -
2rSB 
cient cauees 
38
A to have a negative value of - 0 . 2984 . The 
sum, 0 .74:.5 , i.e less than 1 . Therefore, t he total variance 
is reduced considerably from 713.56 (specializing in hogs 1) 
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to 57~ . 23, where one-half of the feed resources are shifted 
to the high variance enterprise . The same example can also 
be found 1n hogs 1-lambe, hogs 2-lambs , laying flock-lambs, 
laying flock-beef herd, and dairy herd-lambs combinations. 
On the other hand, even with a high positive value of r, it 
is stil l possible to reduce the total variance 
sB2 
sB2 
if 79
8 
is not 
A~ 
very large (but sA2 may be greater than 1). The hogs 1-
hoga 2 combination can be used as an example of this case . 
The oorrelat1on coefficient or this combination is 0 . 847~ , 
sB2 
and the ratio or the variances, sA2 , 1 .18 . Assume 40 per 
cent of reed resources are shifted from hogs 1 to hogs 2, 
then Equation 3 reduces to 
Since l,. has a high positive value, the value of the second 
term is quite large (0 .6923). But the f irst term ia only 
0.2965, because or the small ratio 
SB2 
of~ . The sum, 
SA 
0 .9888, 1s a little less than 1. So, the total variance of 
the combinlltion still declines f rom 713.56 to 708 . 49 by 
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shifting 40 per cent of feed resour~ea to hogs 2. 
So far tt10 rather extreme oases have been discussed: 
one 15 the ~ombinatlon of enterprise with negative coeff1-
5B2 
cient of norrelation and high ratio of va~ian;cJ , ~ ; the 
A 
other is the combination of enterp.eiee:> with high Posi t ive 
3a2 
variances, ~ . 
SA 
correlation coef'f1c1ent and low ratio of 
Some other Jasea found in this study are the ombinations of 
enterpri ses with •ela.t1 vely low po 1tive value of r and 
s 2 
relatively low value B and the total variance will of ~ 
SA 
still be redu ~ed with some values of q. For example , the 
laying flock-yearlings ~omb1nat1on has a low positive 
·or~elat1on ~oeffic1ent (0 .0?3J ) a.nd a relatively low ratio 
8E2 
of variance~ (:-2 = 2.7755 ) . The values o~ the left side of 
SA 
Equation 3 are lees than l i f q is greater than 0 .5 . That 
ia, the total varian~e will be redu1Jed 1r less than nalr of 
the reed rc~ourcea are shifted from laying flock to year-
linge. 
The throe cases dia ·ussed above have one point in com-
mon; the ahi.t't of feed resou.c --es from a low var1an .;e enter-
prise to a high variance enterprise. The poss1bilit1ea for 
redu~ing the toi=al variance of feed i~eturns in each case 
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ere analyzed. or course, if the feed resources are shifted 
from a high variance enterprioe to a low variance enter-
prise , the tot~l variance will lways be reduced, even if 
the coefficient of correlation ia + 1. 
All 36 possible combin t1ons or two enterprises from 
nine enterprises are presented in Table 7. Each t1o enter-
prises arc combined in eleven different proportions. The 
first column q ref cro to th~ proportion or the reed re-
sources allocated to the first-mentioned enterprise in the 
combination, and the reat of feed resources, 1 - q, is 
allocated to the second-mentioned enterprioe. For ox.ample, 
in hoza 2-yearlings combination, if the value of q is o.6, 
1t means that 60 per cent of feed resources are allocated to 
hogs 2 with the remaining 40 per cent to yearlings. The 
aecond column, Rrr' ~efero to the total returns per $100 
feed fed or tho combination. The third, f ourth, nd fifth 
columns, reepoctively, refer to the variance (Sir2 ), the 
standard deviation (Sr), and the coefficient of variation 
(CT) of the combination . The sixth column, ~ RT, ia margi-
nal feed return, which refera to the runou1t feed returns 
ril l increase or decrease by shifting 10 per cent of the 
feed resourcos from the firat- to the second-mentioned 
enterprise. S1noe the total feed returne of the combina 1on 
are o linear function or the feed returns or the two enter-
prises in tho combin tion, the marginal reed return 1a 
61.t 
Table 7. Level of returns per $100 reod fed , variance, 
standard deviation, coeff1c1e11t of variation, 
marginal f eed retui~na, marginal coefficient of 
variation, and marginal rate of substituti on of 
the coeffi cient of vari ation for feed returns f or 
nine livestock enterprises in Iowa , 1933-1960 
2 
Ll RT ACT 
4Rir 
q RT ST ST CT -LiCT 
Hogs 2-Yearlings 
1.0 158 .88 846 . 39 29 .09 18 .31 - - -
0 .9 l .?6 . 60 6~~ . 47 25.60 16.35 - 2 . 28 -1. 96 1.16 
o .8 1:,.4 .32 ~37 . 63 23 .19 l~ . 03 -2 .28 -1. 32 1 .72 
0 .7 1~2 . 04 492 .88 22 . 20 14 .60 - 2 . 28 -0 . 4~ _> . 29 
0 . 6 1li9 . 77 :::i21 .22 22 .83 15 .24 - 2 . 28 0 . 6 - 3.s:, 
0 .5 147. 49 622 .64 24 . 95 16 .92 - 2 .28 1.68 -1 .35 
o.4 14!> .21 1~4 .1::; 28 .23 19 .44 - 2 . 28 2 .52 - 0.90 0. 3 142 . 94 10 .74 32 .32 22 . 61 - 2 . 28 3 .17 - 0 .71 
0 . 2 140.66 1365 . 42 36 .95 26 . 27 - 2 .28 3.66 - 0 .62 
0 .1 138 . 38 1759 .18 41 .94 30 .31 - 2 . 28 4 .04 - 0 .. 56 
o.o 136 .11 2226 .03 47 .18 34 . 66 - 2 . 28 4.35 - 0 .52 
Calves-Yearlings 
1.0 129 . 48 612.56 24 .7i:, 19 .11 
0 .9 130.14 617 . 48 24 .85 19 .09 0. 66 - 0 .02 -33.1.> 
o .8 130 .80 657 .17 2;, .64 19 .60 0.66 0 . 51 1.30 
0 .7 131 .46 ~31. 61 27.05 20 .58 o .66 o.ga o .~ o.6 132 .13 40 .82 29 .00 21 . 9:, o .66 1.37 o. 
0 · .? 132 .79 984 .79 31 . 38 23 .63 o .66 1 .68 0 . 39 
o . 4 133.45 1163 .:jl 34.11 25 . ;)6 o .66 1.93 0 . 34 
0.3 134 .12 1377.00 37.11 27 .67 0 . 66 2 .11 0 . 31 
0 . 2 134.78 1625 . 2~ 40 . 31 29 .91 o .66 2 .24 0 . 29 
0 .1 135 .44 1908 .26 43 .68 32.25 o .66 2 .34 0 . 28 
0.0 136 .11 2226 .. 03 47 .18 34 .66 0.66 2 . 41 0 . 27 
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Table 7 (Continued) 
RT s 2 8T CT ~Rtr LlCT ~Rrr q T A CT 
Hoga 2-Calves 
1 .0 1~8 .88 846 . 39 29 .09 18.31 
0. 9 1~5 . 94 712.53 26 .69 17.12 2 . 94 - 1.19 - 2 .47 
o.a 1,33 .00 603 .23 24.56 16.0:> 2 .94 -1 .07 - 2 .74 
0 .7 150 . 06 ~18 .47 22 .41 l !;J .17 2 . 94 - 0 .88 -3 .34 
o .6 147 .12 ;,8 .26 21 . 1 14 . ~:;> 2 . 94 - 0 . 62 - 4 .74 
O. ;> 144 .18 422.61 20 .56 14 .26 2.94 - 0 . 29 -10 .13 
o.4 141 . 24 411.~0 20 .29 14 .37 2 .94 - 0 .11 - 26 .72 
0 . 3 138 . 30 424.94 20 .61 14 .90 2 .94 0 .53 ; .54 
0 .2 135 . ~6 462 .93 21 .J2 i :, . 90 2 .94 l .00 2 .94 
0 .1 132 . 2 52? . 47 22 . 93 17. 32 2 .94 1 .42 2 .04 o.o 129 . 48 612. :..6 24 .75 19.11 2 .94 1.79 1 . 6 
Calves-Beef Herd 
1 . 0 129 .48 612 .56 24 .7::.> 19.11 
0 .9 129 .71 601 . 26 24 .?2 18 . 40 0 . 23 - 0 .21 -1.10 
0 .8 129 .94 639 .10 2~ . 28 19. ~ 0 .23 o . ~5 o .42 
0 .7 130 .17 726 . 07 26 .9:, 20 .70 0 .23 1 . 2;, 0 .18 
o. 6 130.40 862 .19 29 . 36 22 . ;.,1 0 .23 1 .81 0 .12 
0 .5 130. 63 1047 . 45 32 .36 24 .77 0 .23 2 . 26 0 .10 
o .4 130.86 1281.8.) 35 .80 27. 36 0 . 23 2. 59 0 .09 
0 .3 131.09 1;)6:> . 39 39. ~7 30.18 0 . 23 2 .82 0 .0 
0 .2 131 . 32 1898 . 07 43.57 33 .18 0 . 23 3.00 0 . 08 
0 .1 131 .55 2279.89 47 . T:; 36 . 30 0 .23 3 . 12 0 . 01 
o.o 131 . 79 2710 . 85 :,2 . 07 39 . _)l 0 .23 3.21 0 . 07 
Ca l ves-Dairy Herd 
1 .0 129 . 48 612 .56 24 .75 19 .11 
0 .9 134 .S8 524 .02 22 .89 17 . 01 5 .10 - 2 .10 - 2 . 42 
0 .8 139. 68 4.?9 .30 21.43 15 .34 5 .10 -1.67 -3 . 05 
0.1 144 .78 418 .40 20 .4? 14 .12 s .10 -1 .22 -4 .18 
0 . 6 149 .88 401.32 20 .03 13 . 36 '.:) . 10 - 0 .76 -6 .71 
0 . 5 154.98 408.06 20 .20 13. 03 5 .10 -0 .33 -15.45 
o.4 160 .08 438 .62 20 .94 13.08 ~ . 10 0 .05 102 .00 
0 .3 165 .18 493 .01 22 . 20 13.44 5 .10 0 .36 14 .16 
0 .2 170 .28 ~71 . 21 23 .90 14.04 :, .10 0 . 60 8 .50 
0 .1 17? .38 673 . 24 2:., . 95 14.80 5 .10 0 .76 6 .71 
0 .0 180. 48 799 .08 28 .27 15 .66 5 .10 o .86 ~ - 93 
66 
Table 7 (Continued) 
Rrr sT2 ST CT ART LlCT 
~~ 
q 
A CT 
Beef Herd-Dairy Herd 
1.0 131 . 79 2410 .85 52 .07 39.51 - - -
0 .9 1~6 . 66 2 o:; .81 49 .05 3~ . 89 4 .87 -3 .62 -1.~4 
o.8 l 1.52 2126.07 46.ll 32 .58 4.87 - 3.31 -1. 7 
0 .7 146 .40 1841 .63 43 .26 29 .55 4.87 -3.03 -1.60 o.6 1:;1 .26 16 2 .50 40 .53 26 .79 4.87 -2.76 -1.76 
0.::, 156.13 1438 .67 37 .93 24 .29 4.87 -2 .50 -1. 94 
o.4 161 .00 1260 .15 3? • .)0 22 . o:.. 4 .87 - 2 .24 -2 .17 
0 .3 165 .87 1100 .93 33 .27 20 .06 4.87 -1.99 - 2 . 44 
0 .2 170 .74 979 . 01 31.29 18 .33 4.87 -1.73 -2 .81 
0 .1 175 .61 876 .39 29.60 16 .86 4.87 -1. 47 - 3 . 31 
0 . 0 180 . 48 799.08 28.27 15 .66 4 .87 -1 .20 -4 .05 
Hogs 1-Lambs 
1 .0 149 .05 713.56 26 .71 17.92 - -
0 .9 147 .21 624.96 2,? .00 16 .98 -1.83 - 0 .94 1.95 
0 . 8 145 . 38 614.68 24 .79 l~ . 05 -1.83 0 .01 - 26 . 21 
0.1 143 .54 682 .69 26.13 1 . 20 -1 .83 1 .15 -l .59 
o .6 141 .71 829.02 28.79 20 . 32 -1.83 2 .12 - o .86 
0.5 139 .87 1053. 61~ 32 . 46 23.21 -1.83 2 .89 - 0 .63 
0. 4 138 .04 1356. ~8 36.83 26.68 -1 .83 3 . 47 - 0 .52 
0 .3 136.20 1737 .81 41 . 69 30 . 61 -1.83 3.93 -o .46 
0 . 2 134.37 2197 .36 46 .88 34 .89 -1.83 4. 28 - 0 . 42 
0 .1 i32 .:,3 273) .20 :,2 .30 39 . 46 -1. 83 4.?7 - 0 . 40 
0 . 0 130.70 3351. 35 '>7.89 44 .29 -1 .83 4 .83 - 0 . 37 
Hogs 1-Yearlings 
1 . 0 149.0.) 713 . ::,6 26 .71 17. 92 
0 .9 147 .75 542 .76 23 .30 15.77 -1 .29 - 2 .1:;, 0 . 60 
o.8 146 . 46 443 . ~3 21.06 14. 38 -1.29 -1.39 0 .93 
0 .1 14:, .16 41;) .86 20 .39 14.0? -1. 29 - 0 .33 3. 92 
o.6 143 .87 1~59 . 76 21 .44 14 .90 -1. 29 0 .85 -1 • .)2 
0 .5 142 .58 ;,7:, .23 23 .98 16 .82 -1 . 29 1.92 - 0 .67 
0.4 141.28 762 .26 27 .61 19 .54 -1.29 2 .72 - 0 .47 
0 .3 139 .99 1020 . 8~ 31 . 9~ 22 . 82 -1.29 3 . 28 - 0 .39 
0 .2 138.69 13~1. 0l 36 .76 26 . ~o -1.29 3.68 - 0 .35 
0 .1 137.40 17~2 .74 LH .87 30 . 47 -1 .29 3.97 - 0 .32 
o .o 136 .11 2226 .03 47 .18 34. 66 -1.29 4 .19 - 0 .30 
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Tnbl c 7 (Continued) 
Rrr 8T2 ST CT .ART LlCT 
A RT 
q 
A CT 
Yearlings-Lambs 
1.0 136 .11 2226 .03 47 .18 34 .66 
0 .9 135 . :>6 1088 .33 43. 45 32 . 0!:;i - o .5J.J -2 .61 0 .20 
o .8 135 .02 16:,;o . 69 40 .63 30 .09 - 0 . .)4 --1. 96 0 .27 
0 .7 134. 48 1:>13. 09 38 .90 28 .92 -0 .54 ·-1 .17 o .46 
o.6 133. 94 147~ - ~5 38 .41 28 .68 - 0 .54 - 0 .24 2 . 2~ 
0 .5 133 . 40 1538 . o.:..; ~9 . 22 29 . 40 - 0 .54 0 .72 - 0 . 1":> 
0. 4 132 .86 1700 .61 1 .24 31 .04 - 0 .54 1 .64 - 0 .32 
0 .3 132 . 32 1963. 22 44. 31 33. il9 - 0 .54 2 . 45 - 0 .22 
0 . 2 131 .78 232~ . 88 48 .23 36 . 60 -0 . ~4 3.11 -0 .17 
O. l 131.24 2788 .59 ;:>2 . 81 l.LO . 24 - 0 .54 ~ . 64 - 0.14 o.o 130 .70 3351 .35 ';;7.89 44 .29 - 0 .54 .05 - 0 .13 
Beef Herd-Ewe Flock 
1 .0 131 .79 2710 .8:..i 52 .04 39 .:;l 
0 .9 131 .81 2414. 42 49 .1 37.28 0.03 - 2 .23 - 0 .01 
0 .8 131 .84 2139 .80 46. 26 35 .09 0 .03 - 2 .19 - 0 .01 
0 .7 131 .86 1886.99 43 .44 32 .94 0 .03 -2 .l~ -0 .01 
0 .6 131 .89 16~_, . ~g 40 . 6~ 30 . 8~ 0 .03 - 2 .09 - 0 .01 
0 . 5 131.92 1446. 0 38 .0 28 .8 0 .03 - 2 . 0l - 0 .01 
o .4 131 .94 12~9 . 42 3~ . 49 26 . 90 0 .03 - 1 .94 - 0 .01 
0 . 3 131 . 97 1093.85 33.07 2.) . 06 0 .03 - 1 .84 - 0 .01 
0 .2 131 . 99 9~0 . 08 30 .82 23 .35 0 .03 - 1 .71 - 0. 02 
0 .1 132 . 02 828.13 28 .78 21 .80 0 .03 -1.!>? - 0 .02 o.o 132 .0.? 727.98 26 .98 20 . 43 0. 03 - 1 .37 - 0 .02 
Hogs 1-,Beef Herd 
1 . 0 149 .05 713 .56 26 .71 17 .92 - - -
0.9 147 .32 661 .18 2.., . 71 17 . 4~ -1 .73 - 0 . 47 3.67 o.8 14;; . 39 664 .82 2~ .78 17.71 -1 .73 0 . 26 - 6 .63 
0 .7 1!~3 .87 724 .49 26 .92 18 .71 -1 .73 1 .00 -1 .72 
0 .6 142 .14 840 .18 28 .99 20 .39 -1 .73 1 . 68 - 1 . 02 
0 .5 llW . 42 1011 .90 31 .81 22 . 6~ -1 .73 2 . 26 - 0 .76 
0 .4 138. 69 1239 . 64 1 ; . 21 2~ . 39 -1 .73 2 .74 - 0 . 62 
0 .3 136 .96 1523. 40 39 .03 28 .!;>0 -1 .73 3 .11 - 0 .?5 
0 . 2 135 .24 1863 .19 Ii3 .16 31.91 -1 .73 3 . 41 -o.:io 
0 .1 133 . .,.11 2259 .01 47 .53 35 .60 -1 .73 3 .69 - 0.46 o.o 131 .79 2'"710 .85 ~2 . 07 39 . j l -1 .73 3 .91 - 0 .44 
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Table 7 (Continued) 
q Rir sT2 3'r CT ..6. RT LiCT ~ Rrr .6CT 
Hogs 1-Ewe Flock 
1 . 0 149 .05 713 .56 26 .71 17.92 
0 .9 147.35 609 .84 24 .69 16 .76 -1.70 -1.16 1.46 
o.8 145 .65 529.1~9 23 . 0l 15 .80 -1.70 - 0 .96 1.77 
0.1 143 .95 472 .51 21.74 15 .10 -1.70 -0.70 2 .42 
o.6 142 . 2;.> 438 .90 20.95 14.73 -1.70 - 0 .37 4.59 
0.5 140 . :J~ 428 .66 20 .70 14 .7~ -1.70 o.oo 00 
o.4 138 .85 414 .79 21.02 1..) .1 -1.70 o . 41 -4 .14 
0 .3 137.l:; 47d .28 21.87 1:, . 9:..i -1.70 0 .81 -2 . 09 
0 .2 135 . 45 538 .1 4 2~ . 20 l~ .l~ -1 .70 1.18 -1. 44 O. l 133. 7';; 621.38 2 . 93 l . 6 -1.70 l. ~1 -1.12 
a.o 132 .0? 72:7 .98 26 .98 20 .1~3 -1.70 1.79 -0 .94 
Hoga 1-Da1ry Herd 
1.0 149 .05 713.56 26 .71 17. 92 
0 .9 1) 2 .19 600 .30 24 • ..11 16 .10 3 .1 4 -1 .82 -1 .72 
o .8 1;)5 . ~3 515 .00 22 .69 14 .61. 3 .14 -1.49 - 2.10 
0 .7 158 . 7 456 .16 21. 36 13 .1~8 3.14 -1 .13 ... 2 .78 
o.6 161.62 ~24 .28 20 . 60 12 . 7'..J 3.14 - 0.73 - 4.30 
o . ~ 164 .76 419 .35 20 .l~ 12 . l i3 3.14 -0 .32 - 9.82 
o.4 167.90 441.38 21.0l 12 .51 3.14 0 .08 39 .28 
0 .3 171.05 490 .37 22 .14 12 .94 3 .14 o .43 7.30 
0 .2 174 .19 566 .32 23 .80 13 .66 3.14 0 .72 4 .36 
0 .1 177.33 669 .22 25 .87 14 .,9 3.14 0 . 93 3 .37 
0 . 0 180 . 48 799 .08 28 .27 15.66 3 .14 1 .07 2. 93 
Hoge 1-Hogs 2 
1 . 0 149 .05 713 .56 26 .71 17. 92 
0 .9 150 .03 70'J .Ol 26 .55 17.70 0 .98 -0 . 22 - 4 .46 
o .8 151.0l 701.~l 26 . 48 17 . ...;3 0 .98 - 0 .17 - 5 .78 
0.7 151.99 702 . 16 26 .:;o 17.43 0 . 98 - 0 .10 -9 .83 
o.6 l j2 . 98 708 .47 26 .62 17.40 0. 98 - 0. 03 -~2 . 76 
0 . 5 15fi . 96 719 . 3~ 26.82 17 . 42 0 . 98 0 . 02 9 .15 o.4 15 l .94 735.0 27 .ll 17.~0 0 . 98 0 . 08 12.28 
0 .3 155 .93 75J .60 27. 49 17.63 0 . 98 0 .13 7 .56 
0 . 2 156 .91 781.01 27 .95 17.81 0 .98 0 .18 5 .46 
O.l 157.89 811.27 28 . 48 18 .04 0 .98 0 .23 4 .27 
o.o 1.,.,8 .88 846 .39 29 . 09 18 .31 0.98 0 .27 3.64 
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q RT BT2 &r CT .6 RT ~CT ~RT A CT 
Hoge 2-Dairy Herd 
1 .0 158 .88 846 .39 29 .09 18 .31 -
0 .9 161 .04 707 . .J9 26 .60 16.52 2 .16 -1 .79 -1.20 o.a 163 .20 598 .58 24 . 47 llL 99 2 . 16 -l .,J 3 -l . 41 
0 .7 165 .36 519 .37 22 .79 13 .78 2 .16 - l . 21 -1 .78 
o .6 167 . ..>2 469.95 21 . 68 12 .94 2 .16 - 0 .84 -2 . ~7 
0 .5 169 .68 4:,0 .32 21 . 22 12 .51 2 .1 6 -0 . 43 -~ . 02 
o.4 171 .84 460 .49 21 . 46 12 .49 2 .16 - 0 .02 - 108 .00 
0.3 174.oo 500 . 44 22 . 3~ 12 .86 2 . 16 0.37 5 .83 
0 . 2 176 .16 ~70 . 20 23 .8 13.56 2 .16 0 .70 3.08 
0 .1 178 . ~2 669 .74 25 .88 14 .51 2 .16 0 .95 2 .27 
0 . 0 180 . 8 799 .oJ 28 . 27 15 .66 2 .16 1 .15 1 .87 
Hogs 1-Calves 
1 .0 149 . 05 713 . :;6 26 .71 17 .92 - - -
0 .9 147 .09 595 .46 2lL40 16 . !:>9 -1 .96 -1.33 1 . 47 
o.8 14'.;> .13 501 . 3!, 2r. .39 15.43 -1.96 -1 .16 l . 68 
0 .7 i43 .17 4~1.2.? 20 .77 14.51 -1 .96 - 0 .92 2 .12 o.6 141 . 22 3 5 .15 19 .63 13 .90 -1 .96 - 0 . 61 ~ . 20 
0 .5 139 .26 363.05 19 . o:,, 13 .68 -1 .96 ... 0 . 22 .89 
o.4 137 .30 364 . 92 19 .10 13 .91 -1. 96 0 .23 - 8 .50 
0 . 3 13~ . 3~ 390 .85 19.77 14.61 -1 .96 0 . 10 - 2 .79 
0 .2 133 .39 440 .75 20 . 99 15 .74 -1 .96 1 .13 - 1 .73 
0.1 131 . 43 514.66 22.69 17. 26 -1 .96 1 . 52 -1 . 28 o.o 129 .48 612 . ~6 24 .75 19.11 -1 .96 1 .85 -1 .05 
Hoga 1-Laying Plock 
1 .0 149 . 05 713. ~6 26 .71 17.92 - - -0 .9 150 .13 617.17 24.84 16 .. 55 1 .. 08 -1 .37 - 0.78 
0 .8 151 . 21 :;44 .17 23 . 33 l~ . 43 l .o8 -1 .12 - 0 .96 
0 .7 152 . 29 494 .5-S 22 .24 14 .60 1 .08 -0 .83 -1 . 30 
0 .6 153. 37 468 .31 21 .64 14 .11 l.08 - 0 . 49 - 2 .20 
0 . :5 1!)4 .45 465 .4:., 21 . ~7 13.97 1 .08 - 0 .14 -7 .72 
o.4 l .;5 .53 48~ . 98 ~2.04 14 .17 1 .08 0 .20 5 .40 
0 .3 156 .61 529.89 23 .02 14.70 1 .08 0 .53 2 .03 
0 . 2 157. 69 597 .18 24 .44 l~ . !;JO 1 .08 0 .80 1 .35 
0 .1 158 .77 687 .85 26 .23 16.52 1 . 08 l.02 1.05 
0.0 159 .86 801.91 28 .32 17.72 1 . 08 1 .20 0 .90 
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~ &r2 ST CT LlRT LlCT 4 Rtr q A CT 
Calves-Laying Flock 
1.0 129 . 48 612 .?6 24 . ?':J 19 .11 - - -
0 .9 132.52 509 . 48 22.~7 17 .03 3.04 -2.08 -1.46 
o.8 13~ . 55 433 . ~1 20.82 15.36 3.04 -1.67 -1.81 
0 .7 138.59 384 .65 19.61 14.15 3.04 -1.21 -2. 51 
o.6 141.63 362 .92 19.05 13.45 3.04 -0.70 - 4 .34 
0 . :, 144.67 ~68 . 29 19 .19 13.26 3 .04 -0 .19 -15 . 98 o.4 147.70 00 .79 20 .02 13.5:> 3.04 0 .29 10.47 
0 .3 l~0 .74 460 .39 21 . 46 14 .24 3.04 0 .69 4 .40 
0 .2 153 .78 ~47 .12 23 .39 l :;> . 21 3 .04 0 . 9~ 3.13 
0 .1 156 .82 660 .96 2? .71 16.39 3.04 1.1 2 .57 
0 .0 159 .86 801 .91 28 .32 17.72 3.04 1.33 2 .2d 
Laying Flock-Ewe Flook 
1.0 1~9 . 86 801.91 28 .32 17.72 
0 .9 157 .07 628 . 08 25 .06 15 .95 -2.78 -1 .77 1.:. 7 
o .8 154.29 491 .24 22 .16 14.36 -2 .78 -1 .59 1.74 
0 .1 151 . ;,l 391 . 39 19 .78 13. 0'.:> -2 .78 -1.31 2 .12 
o .6 148 .73 328 .?2 18 .13 12.19 - 2 .78 - 0 .86 3 .23 
0 .5 14;,.95 302 .63 17 . 40 11. 92 -2.78 - 0 . 27 10.30 
o . 4 143 .17 313 . ~3 17 .71 12.37 - 2 .78 o . 45 - 6 .18 
0 .3 140.39 361 . 1 19.02 13. 5~ - 2 .78 1.18 - 2. 3.J 
0 . 2 137.61 446 .88 21 .14 l ,; . 36 -2.78 1 . 81 -1.53 
0 .1 134 .83 568 .94 23 .85 17.69 - 2 .·rs 2 . 33 -1.19 
0 . 0 132 .os 727.98 26 .98 20 . 43 -2.78 2 .74 -1. 01 
Hoga 2- Ewe Flook 
1.0 158 .88 846 . 39 29 .09 18 . 31 
0 .9 1~6 . 20 701.19 26 .48 16.95 -2 .68 -1 .36 1.97 
o .8 1:>3 . ~l ?8~ . 63 24 .20 l~ .76 -2 . 68 -1.19 2 . 2:,, 
0 .7 l ?0 .83 1199. 70 22 .35 14.82 -2 .68 - 0 .94 2 . 8~ 
o .6 148.14 l~43 . 40 21 .06 14 .22 -2.68 - 0 . 60 4. 47 
0 .5 14? . 46 La6. 75 20 . 41 14 .03 -2.68 -0.19 lll .12 
0 .4 142.78 419 .72 20 . J.t9 14.3:) -2 .68 0 .32 -8 .38 
0 .3 140 .09 452 .33 21 .27 l ? .18 -2.68 0 .83 -3 .23 
0 .2 137 . 41 :il4 • .)0 22 .68 16.50 -2.68 1 . 32 - 2 . 03 
0 .1 134 .73 606 . q.6 24 .63 18 .28 -2.68 1 .78 -1.50 
o.o 132.0:; 727.98 26 .98 20. l~3 -2.68 2 .15 -1. 24 
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ST2 ST CT ~ RT LiCT i1 RT Q. 6.CT 
Hogs 2-Layi ng Flock 
1 . 0 158 .88 846 .39 29 .09 18 .31 
0.9 158 .97 732 .97 27 . 07 17 . 03 0 .10 -1. 28 - 0 .07 
o.a 159 .07 643 .76 2~ . 37 1 ..., . 9:> 0 .10 -1. 08 - 0 .09 
0 .7 159 .17 578 .77 24 .06 1..., .12 0 .10 :.0 .83 - 0 .11 
o.6 159 .27 S38 .00 23 .19 14 .56 0 .10 :..0 .56 - 0 .17 
0 .5 159 -37 ? 21.44 22 .84 14 . ~3 0 .10 - 0 .23 - O.lt2 o.4 159.46 .;29 .10 23 .00 14 . 2 0 .10 0 .09 1.08 
0 . 3 159 .56 560 .98 23. 69 14.85 0 .10 o.43 0 . 22 
0 .2 159 .66 617 . 07 24 .84 15 .56 0 .10 0 .71 0 .13 
0 .1 159 .76 697. 38 26 . 41 16 .53 0 .. 10 0 .97 0 .10 
o.o l :J9 .86 801 .91 28 .32 17 .72 0 .10 1.19 0 .08 
Hogs 2- Lambs 
1.0 158 .88 846 . 39 29 .09 18 . ~l 
0 .9 156 .06 693.66 26 .34 16 . 8 - 2 .82 -1. 43 1 .97 o.a 1~3 . 24 630 . ..>3 2~ .11 16 . 3~ - 2 . 82 - 0 . 49 5 .7, 
0 .7 150 .42 657. 0~ 2;. . 63 17.0 - 2 .82 0 .6~ - 4 .33 
o .6 147 .60 773.11 27.80 18 .83 - 2 . 82 1 .79 -1 .57 o.s 144.'"{9 978 .80 31 .29 21.61 - 2 .82 2.78 -1.01 
o .4 141 .97 1274.10 ~5 . 69 25 .14 - 2 .82 3 .53 - 0.79 
0 .3 139 .15 16!;.9 .00 0 .73 29 .27 - 2 . 82 4 .13 - 0 .68 
0 . 2 136 .33 21 33 . .Jl 46 .19 33 .88 - 2 . 82 4 .61 - 0 . 61 
O. l 133 . !:.l 2697.63 51.94 38 .90 - 2 .82 5 . 02 -0 .!)6 o.o 130 .70 3351 .35 57.89 44 .29 - 2 .82 5 .39 -0.52 
Hogs 2-Beef Herd 
1. 0 158 .88 846 .39 29 .09 18 .31 -0.9 1~6 .17 751.30 27 . 41 17 . .;~ - 2.71 - 0 .16 3 . :i6 
o .8 153 . 46 718 .78 26 .81 17. 47 - 2 .71 - 0 . 08 33.86 
0 .7 l 50 .7'j 74J .u2 27.36 18 .1:, -2 .71 0.68 - 3.98 
0 .6 148 .04 841. 42 29 .01 19 .60 -2 .71 1 . 4~ -1.86 
0 . 5 14:,.; . 33 996 .59 31. ;,7 21 . 72 - 2 .71 2 .12 -1 . 27 
o.4 142 . 62 1214 . 32 34 .8..; 24.43 - 2 .71 2 .71 -0.94 0 .3 139 .91 1494 .61 38 .66 27 .63 - 2 .71 3 . 20 - o .8 
0 . 2 137.20 1837 . 46 42 .87 31.24 - 2 .71 3 .61 - 0 .75 
0 .1 134. 49 2242 .87 47. 36 35 . 21 - 2 .71 3.97 -o.68 
0 . 0 131 .79 2710 .3:;1 52 .07 39 .51 - 2 .71 4 . 30 - 0. 63 
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q ~ ~2 Brr CT ~ RT A CT A~ .6 CT 
Beef He1'd-LambG 
1.0 131.79 2710.85 52.07 39 .51 
0.9 131.68 2268 .85 47 .63 36.17· -0.11 - 3 .34 0 . 03 
o.8 131.57 1939.31 44 .04 33 .47 - 0 .11 -2,70 0 . 04 
0 .7 131. 46 1722.22 ~l . 50 · 31 .57 -0.ll -1 .90 0 .06 
o.6 131. 3:> 1617.:>9 4o .22 30 .62 -0.11 -0.95 0.11 
0.5 131.24 1625 . 41 40 . 32 30 . ~2 - 0 .11 0 .10 -l.09 
o . 4 131.13 174] .69 41 .78 31. 6 - 0 .ll 1.14 -0 .10 
0 .3 131.02 1978.42 44 . 48 33. 9'.J - 0 .11 2 . 09 - 0 . 05 
0 . 2 130.91 2323 .61 48.20 36.82 -0.11 2 .87 -0.04 
0 .1 130.80 2781 . 25 52 .74 40.32 -0.11 3 . 50 - 0 .03 
0 .0 130.70 3351.35 57. 89 44 .29 -0 .11 3. 97 -0.03 
Lambs-Ewe Flock 
1 . 0 130.~0 3351.35 ;7 . 89 44.29 
0.9 130. 3 2754.95 52 . 49 40 .12 0 .13 -#.17 -0.03 
o.a 130.97 2232 .79 47 .2) 36 .08 0 .13 -4.04 -0.03 
0.1 131.10 1784.87 42 .25 32. 23 0 .13 -3 .85 -0.0~ 
o.6 131.24 1411.13 37 .57 28.63 0 .13 -3 .60 -0.04 
0. 5 131.37 1111.72 33. 34 25 .38 0 .13 - 3.25 -0.04 
o.4 131 • ..)1 886 • ..,·0 29.77 22 .64 0 .13 -2.74 - 0 . O!.> 
0.3 131.64 735 • ..>2 27 . 12 20 .60 0.13 - 2 .04 -0 . 07 
0.2 131.78 6:,8 .77 2:;, . 67 19. 48 0 .13 -1.12 - 0 .12 
0.1 131.91 656 . 26 2:, .62 19.42 0 .13 - 0 . 06 -2 .25 o.o 132.05 727.98 26 .98 20.43 0 .13 1.01 0 .13 
Calves-Lambs 
1.0 129 . 48 612 . .)6 2lL7J 19.11 
0 .9 129.60 ~36 . 40 23 .16 17. <l7 0 .12 -1.24 - 0 .10 
o.a 129.72 :>38.02 2~ . 20 17. d8 0.12 0 .01 12. 20 
0 .7 129.84 617.Ji3 2 .85 19 .14 0 .12 1 .26 9 .68 
o .6 129.96 774.63 27 .83 21 . 41 0 .12 2. 27 5 .37 
0. !.> 130 .09 1009.62 31 .77 24 . 42 0 .12 3.01 4 .0? 
0 .4 130.21 1322.39 36 .36 27 .92 0 .12 3.50 3. 48 
0 .3 130.~3 1712.95 41 . 39 31 .76 0.12 ~ . 84 3 .18 0 .2 130. 5 2181.~0 46.70 3~ .80 0.12 . 04 3 . 02 
0 .1 i 30 .:,7 2727 . 3 52 . 22 39 .99 0 .12 4 .19 2 . 91 o.o 130.70 33~1.3~ ~7. 89 44.29 0.12 4.30 2 .84 
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q Bir sT2 ST CT Ll RT LlCT 
Li~ 
A CT 
Cal ves-Ewe Flock 
1.0 129 .48 612 .56 24 .75 19 .11 
0 .9 129 .73 521.92 22 . 85 17 .61 0. 26 -1.50 -0 .17 
o.8 129 .99 4:.> l~ . 00 21. 31 16.39 0 .26 - 1 . 22 - 0 .21 
0 .7 130 .2) 408 .77 20 . 22 15 . :;,2 0.26 -0 .87 - 0 .29 
o.6 130 . ;0 386 .26 19.65 15 .06 0 .26 - 0 .46 -0 . ~>5 
0 . ...> 130 .76 ~86 . 44 19 . 66 15 . 0~ 0 .26 - 0 . 03 -8 . ?6 
0.4 131.02 o~ . 34 20 . 23 15 .4 0 .26 o .41 0 .62 
0 .3 131.27 !~~ . 94 21 .33 16.25 0 . 26 0 .81 0.31 
0 .2 131.53 ~2~ .25 22 .87 17. 39 0 .26 1 .14 0 . 22 
0 .1 131 .79 61 .26 24 .78 18 .80 0 . 26 1 .41 0 .18 
o.o 132 . 05 727. 98 26 .98 20 . 43 0 . 26 1.63 0 .15 
Yearlings-Dai ry Herd 
l~O 136 .11 2226 . 03 47.18 34 .66 
0 .9 140 . 54 1819 . 03 42 .65 30 .35 4.44 - 4 .31 -1. 02 
o.8 i44 .ia 1470.14 38 .3? 26 .45 4. li4 - 3 .90 -1 .13 
0 .7 149 . 2 1181.2 34 .37 23 . 00 4.44 -3.45 -1.28 
o.6 1~3. 8:_:, 9~0 . 44 30.83 20 .03 4. 44 -~ . 97 -1.49 
0 . !) 158 .29 T78 .38 27.90 17 .o3 4. 44 - 2 . 40 -1.84 
0 . !~ 162 .73 66!) . O:..> 25 .79 1.:; . 85 4. 44 -1 .78 - 2 .49 
0 .3 167.16 610 .46 24 .71 14 .78 4.44 -1.07 - 4 .14 
0 .2 171.60 614 .60 24 .79 14 .4:; 4. 44 -0 . 3~ -13 .44 0 .1 176 .04 677. 47 26 . 03 14.79 4. 44 0 .3 13 . 0~ 
o.o 180 . 48 799 .08 28 .27 1~ . 66 4.44 0 .87 5 .10 
Yearlings- Ewe Flock 
l~O 136 .11 2226 .03 117 . H3 34 .66 
0 .9 135 .70 1811.21 42 .56 31. 36 - 0 . 41 - 3 -30 0 .12 
o .8 135 . 29 iiiss .2a 38 .15 28 . 20 -0 .41 - 3 .16 0 .12 
0 .1 134.89 1158 . 24 34.03 25 .23 -0 . 41 - 2 .97 0 .13 
0 . 6 134.48 920 .10 30 .33 22 .55 -0 . 1~1 - 2 .68 0 .15 
O. ;; 13ll . 08 740 .85 27 .22 20 . 30 - 0 . 41 - 2 .25 0 .18 
0 . 4 133 .67 6~0 . 49 24 .91 18 .63 - 0. ltl - 1. 67 0 .24 
0. 3 133 .26 ~.b9 . 02 23 .64 17.74 - 0 . 41 -0 .89 0 . 4~ 
0 . 2 132 .86 ...... 6 qr: 23.59 17.76 -0 . 41 0 .02 - 20 .30 ...,.) • ::> 
0 .1 132 . 4!) 612 .77 24 .75 18. 69 -0 . 41 0 .93 - 0 .43 
o.o 132 .05 727 .98 26 .98 20 . 43 - 0 . 41 1.74 -0 .23 
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Table 7 (Continued) 
Rtr Sm2 ST CT Li Rir .d CT 
~RT q 1: ~CT 
Da.1ry Herd-Ewe Flock 
l . O i 8o .48 799 .08 28 .27 1.., . 66 - - -
0 .9 17..1 . 63 751.14 27 .41 l __, . 61 -4.84 - 0 . 0:5 96 .86 
0 .8 170.79 712 .26 26 .69 15 .63 - 4.84 0 .02 - 242 .15 
0.7 16~ . 95 682 . 47 26 .12 15 .74 - 4.84 0 .11 -44 .02 
0 .6 161.10 661.75 25.72 15 .96 -4.84 0 .22 -22.0l 
0 .5 1:,6 .26 650 .10 2..; . ~o 16 . 32 -4 .84 0 .36 -13.4 
0 . 4 l ?l.42 647 . ~3 25 . 4~ 16.01 - 4 .84 o .49 -9.88 
0 .3 146. ~7 6'.j4. 03 25 .5b 17.44 -4.84 o .63 -7.68 
0 . 2 141.~3 66~ . 60 25 .8 18 .26 - 4.84 0 .82 - j .90 
O.l 136. 9 69 .26 26 .3~ 19.2~ -4.84 0 .99 - 4.89 
0 . 0 132 . 0:, 727.98 26.98 20 .43 - 4.84 1 .18 -4.10 
Yei.rl1ngs-La.y1ng Plock 
1. 0 136.11 2226 . 03 47 .18 34 .66 - - -
0 .9 138.48 1824 .07 42 .41 30.84 2.37 -3.82 - 0 .62 o.a 140.86 1479.79 38 . 4 27 .31 2 . 37 -3 .53 -0.64 0 .1 143.23 i193 .1u 311.5 24 .11 2 . 37 -3.20 -0.b 0 .6 145 .61 964 .26 31.05 21.32 2. . 37 -2 .79 -o. ~ 
0 •. 5 147.98 793 .01 28 .16 19.03 2. 37 - 2 . 29 -1.03 
o. 4 150.36 679 . 4~ 26 .07 17.34 2.37 -1. 69 -1.40 
0 .3 152 .73 623 • .; 24 .97 16.35 2 .37 - 0 .99 - 2 .39 
0 .2 1!.);J .11 62..> . 32 25 .0l 16 .12 2 .37 -0 .23 -10 .32 
0.1 1~7.4d 684 .77 26 .17 16 .62 2 .37 o . ~o 4 .7~ 
o.o 159 .86 801 . 91 28 . 32 17.72 2 .37 1 .10 2 . 1~ 
Beef Herd-Laying Flock 
1.0 131.79 2710.85 ~2 . 0"( 39 ,51 -
0 .9 134.59 2117. ::>5 46 .02 34 .19 2 . 81 -5 .32 - 0 .!}2 o.8 1~7.40 1613 . 5~, 4o.rr 2~ . 23 2 .81 - 4.96 - 0 .. :;>6 
0.7 l 0 .21 1199.21 34.63 2 .70 2 .81 - 4.53 - 0 . 61 o.6 143.01 874.18 29 . r.;7 20 .68 2 .81 - 4 . 02 -0 .69 
0 .5 14::) .82 638 .58 25 . 2r( 17. 33 2 .81 :..3 .35 - 0 .83 
o .4 148.63 492 .34 22 .19 14.93 2 .81 -2 .40 -1.16 
0 .3 151.43 ~8..J . 6 20 .87 l~.78 2 .81 -1.15 -2.44 0 .2 151~ . 24 468 . 30 21 . 61~ l .03 2 .81 0 .25 11.22 
0 .1 i ::1.os 590.39 24 .30 l ~ . 1~7 2 .81 1.44 l. 94 o.o i~9.e6 801.91 28 . 32 17.72 2 . 81 2 . 25 1.24 
75 
Table 7 {Continued) 
q sT2 CT ~ Rir LlCT Ll R.r ~CT 
Yearlings-Beef Herd 
1 . 0 136 . 11 2226 .03 47 .18 34 .66 - -
0.9 13~ ~ 67 1926 .31 43 .89 32 . 35 -0.43 -2 . 31 0.18 
0 .8 13!> . 24 1703.97 41.28 30 . ~2 -0 .43 -1.83 . 23 
0 .7 134 .81 1~59 . 01 39.48 29 . 28 -0 .43 - 1 .24 0 .34 
0 .6 134 .38 1491.42 38 .62 28 .74 -0 .43 -0 ..... 4 0 .80 
0 • ...J 133 .95 1501.22 38. '"('.; 28 .93 -0.43 0 .19 - 2.27 
0 . li 133 .51 1588.39 ~9~85 29.85 - 0 .43 0 . 92 -o .46 
0 .3 133 . 08 1752 .94 1.87 31.46 - 0 .43 1.61 -0 .26 
0 .2 132 .6:.; 1994 .86 44 .66 33 .67 - 0 . 43 2 .21 - 0 .19 
0 . 1 132.22 2314.17 48 .11 36 .39 - 0 .43 2.72 - 0 .15 
o.o 131.79 2710.8'..J 52 .07 39 .51 -0.43 3 .12 - 0 .13 
Dairy Herd- Laying Flock 
1.0 180 .48 799 .08 28 .27 15 . 66 -
0. 9 178 .41 636.11 25 .22 14.14 -2 . 06 -1.52 l . 35 
o .8 176 .3S 509 .1~2 22 . :,.7 12 .80 - 2 .06 -1.34 1 .53 
0 .1 174 .29 1n9 .01 20 . 47 ll.74 ... 2 .06 -1.06 1 . 94 
o.6 172.23 364.88 19 .10 11.09 -2 .06 -0 .65 3 .17 
0 . 5 170.17 347. 02 18 .63 10 . 9 ..... -2 . 06 -0 .14 14.72 
o.4 168 .10 365. 44 19.12 11.37 -2 .06 o .42 - 4.90 
0 .3 166 . oii 420 .14 20 . ~0 12.3:..> -2.06 0 .98 - 2 .10 
0 . 2 163 .98 511.12 22 .. 61 13.79 -2 . 06 1 . 44 - 1 . 43 
0 .1 161.92 638 . 38 2,? . 27 l !;> . 61 - 2 . 06 1 .82 -1.13 
0 . 0 159.86 801.91 28.32 17.72 - 2 . 06 2 .11 - 0 .97 
Laying Flock- Lambs 
1.0 139 .86 801 .91 28 . 32 17.72 
0 .9 156 . 91+ 676.63 26 .0l 16 .57 - 2 .92 -1.15 2 .5~ o.8 154.02 635.84 25 . 22 16.37 -2 . 92 -0 .20 ll~ . :, 
0 .7 151.11 679.5:; 26 .07 17 . 2~ -2 . 92 o.aa - 3 .31 
o .6 148 .19 807.7';; 28 . 42 19 .18 - 2 . 92 1 .93 -1 .51 
0 • .J 145 .28 1020.4:;> 31 .94 21 .99 - 2 .92 2.81 -1.03 
o.4 142. 36 1317 . 6ll 36 .30 25 ,50 - 2 .92 3. !:>l - 0 .83 
0 .3 139.44 1699 .33 41.22 29 .56 - 2 . 92 4 .06 -0 .71 
0 . 2 136.53 216: ....... 1 46 .54 34 .09 - 2 . 92 4 .53 - o .64 
0 .1 133 .61 2716 .l J .;2 .12 34 .01 -2 .92 4.92 -0 .59 
0 .0 130.70 3331 .35 ~7. 89 4 .29 - 2 . 92 5 .28 -0 .55 
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sT2 ST CT Ll RT .6. CT 
LlR.r 
q ~~T 
Dairy Herd-Lambs 
1 . 0 180.48 799 .08 28 .27 15 .66 
0 .9 17~ . 50 576.21 24 .00 13.68 -4 .98 -1 .98 2 .51 
o.8 170.52 4~9 .:.8 21.4li 12. ~7 -4 .98 -1 .11 4.48 
0 .7 16;, . 54 449 .20 21.19 12 . 80 - 4 .98 0 .23 - 21 .64 
o .6 160 .~6 !)4:> .06 23 .35 14 .54 -4 .98 l .74 - 2 .86 
o . ~ i s:, .59 747 .17 27.33 17. ')7 -4 .98 ~ -03 -1 .64 o.4 150 .61 lO!:j:> . J 2 32.4~ 21. r:;7 - 4 .98 .oo -1 . 24 
0 .3 145 .63 1470 .11 38 .3 26.33 - 4.98 4 .76 -1 .04 
0 . 2 140 .65 1990 .95 44 .62 31.72 -4.98 ? .39 -0 .92 
0 . 1 135 .67 2618 .03 ~l.17 "'7 .71 -4 .98 5 .99 - 0.83 
o.o 130 .70 3351.35 57.89 44.29 -4. 98 6 .58 -0 . T_, 
always co~atant . The total f eed returns will increase or 
decrease by shifting feed rcoourcea f rom the first- to the 
second-mentioned enterprise depending upon the s1s n of the 
marginal feed return . If the aign is positive, the total 
feed returns will 1noreaae . on the other hand, if the sign 
is negative, the total feed returns will decrease . Simi-
larly, the seventh column, ~CT, represents the marginal 
coefficient of variation.1 The rat1o or the marginal f eed 
1The values of the marginal coefficient of variation in 
Table 7 are not quite accurate . They are average values . 
The accurate values can be computed by takln& the f lrst 
derivative of Equation 6 . 
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return to the marginal coefficient of variation is the 
marginal rate of substitution of the coefficient of varia-
tion for feed returns. It is shown in the last column, 
It shows the change in feed returns for one per cent 
change in the coefficient or variation. The sign of the 
marginal rate or substitution of the coefficient of varia-
tion f or the feed returns represents the direction of the 
change in the reed returns and the coefficient of variation . 
The positive sign mean that the feed returns and the coef-
f icient of variation change in the same direction; the in-
crease in the coefficient of variation 1s accompanied by the 
increase in feed returns, and vice versa. If the sign 1a 
negative, feed returns and the coeff1o1ent of variation 
change in different directions; the increase in the coeffi-
cient of variation is accompanied by the decrease in feed 
returna, and vice versa. The range where the marginal rate 
of substitution 0£ the ooeff1c1ent of variation f or feed 
returns ia positive is called the range of substitution. 
Within this range the acquisition of stability (decrease in 
the coefficient of variation) must be a t the expense of feed 
returns. On the other hand, the range where the marginal 
i~ate of aub3t1tution of the coefficient of variation for 
feed returns is negative is called the complementar) range. 
Within this range, the d.1vers1float1on w1ll raise reed 
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returns on the one hand and reduce the variability of feed 
returns on the other hand, or vice versa . 
sh1pa can be shown more clearly by graphs . 
the combination of beef herd-dairy herd. 
These relation-
Figure 10 shows 
The vertical axis 
represents returns per $100 feed fed and the horizontal 
axis, the coefficient of variation. Each end on the curve 
represents specialization in one or the other enterprise as 
indicated b~ the abbreviations; B and D denote the level of 
the coefficients and the amount of feed returns which can be 
attained b allocating all the feed resources to beef herd 
and dairy herd respectively . Any point on the curve between 
the two ends B and D representa some combination of these 
two enterprises . Ea.ch dot on the ourve denotes 10 per cent 
shift of feed resources f rom one enterprise to the other . 
On the point B, the coefficient of vari tion 1e 39.51 and 
feed returns 131.79. And on the point D, the coeff1o1ent of 
variation 1& 15 .66 and feed returns 180 .48 . The slope or 
the curve BD, or the marginal rate of substitution of the 
coefficient or variation f or feed returns, 1a negative 
through the curve; 1 .e., the whole range 1s complementar~. 
The continuous shift of feed resources from a beef herd to a 
dairy herd will raise feed returns and reduce the coeffi-
cient of vuri tion , until all the feed resources are allo-
cated to dairy herd where feed returns are maximized and the 
coefficient of variation is minimized. On the other hand, 
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1r the feed resources ar shlfted from dairy herd to beef 
herd, feed returns will be reduced and the coefficient of 
variation 1ncrea$ed. In th~e case, the minimum coefficient 
of variation and maximum reed returns are attained by 
spec1al1zing in dairy herd. D1vere1f1oat1on has no effect 
in reducing the variability or feed returns . The same ex-
ample can be round in the beef herd- ewe flock combination . 
I n the calves-yearlings combination, the marginal rate 
of substi tution of the coefficient of variation for feed 
returns is positive through almost the whole range of the 
curve . Th1s relationship is shown in Figure 11. Starting 
from the point C, the shift of feed resources from calves to 
yearlings reduces the coefficient of variation slightly at 
the very beginning . Soon, the coefficient of variation in-
creases as feed returns increase. In this case, divera1f1-
cat1on has little effect in reducing the variability or reed 
returns . Similar examples can be f ound in the calves-lambs 
and calves-beef herd combinations. 
The two cases stated above are the ~xtreme oases . In 
theee oases, diveraification has little, if any, effect on 
the stability of feed returns . Fortunately, most cases 
found in this study are the blend of these two extremes; 
they oons1Bt of both ranges of complementarity and eubat1-
tut1on. For example, as shown in Figure 12, in the hogs 2-
yearlings combination, starting from the point Y, shifting 
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reed resources from yearlings to hogs 2 will increase reed 
returno and decrease the coefficient of variation until the 
point P where the minimum coef fic1ent of variation is 
reached . Within thie range, the slope of the curve is nega-
tive . 
Li %-
This is also shown in the last column ( 2iCT) of 
Table 7 . Aa stated before, the farmer should, within this 
range, continue to ehift feed resources f rom yearlings to 
hogs 2, even if h1a preference for feed returns and the co-
efficient of variation is not known. Beyond the point P, 
the slope or the curve ('~1RT ) 
A CT 
becomes positive . The in-
crease in feed returns will also increase the coef l'iclent of 
variation. It is impossible, within this range, to tell how 
far the farmer should shift hie feed resources from year-
lings to hogs 2, without knowing his pref erence with re-
spect to f eed returns and the var1ab111t~ of feed returns 
(stability) . The preference varies among individuals, 
depending upon their psychological and f inancial conditions . 
However, the opportunity curve YPH2 does provide information 
to use aa a basis f or choice . The amount by which r eed re-
turns will increase by increasing the coefficient of var1-
a t1on by one per cent (moving from P to H2 on the curve ), 
or the amount which must be sacrificed i n f eed returns to 
reduce the coefficient of variation by one per cent (moving 
84 
from H2 to P), is shown by the slope of the po.rt of the 
opportunity curve PH2, or the positive numbers in the last 
column of Table 7 . Starting from the point H2, an average 
of $1 .16 of feed returns must be sacrificed in order to re-
duce the coefficient of variation by one per cent within 
the range of shifting 10 per oent of feed renourcea from 
hogs 2 to yearlings . Is the reduction of the coefficient of 
variation by one per cent worth $1 .16 of feed returns? Thia 
will depend upon the individual farmer . However, we may ask 
the 11vestook producer which he prefers, $1 .16 ot feed re-
turns or one per cent decrease 1n the variability of feed 
returns. If the farmer prefers to reduce the coefficient of 
variation by one per cent at a cost of $1 .16 feed returns, 
he will shift 10 per cent of the feed resources from hogs 2 
to yearlings . I£ he wanto to shift 10 to 20 per oent of the 
feed resources from hogs 2 to yearlings, $1 . 72 of feed re-
turns will be sacrificed to reduce the ooeffioient of 
variation by one per cent . Again, the farmer may make hio 
choice on the basis of the marginal rate or substitution of 
the cocff1c~ent or variation for feed returns . In this 
manner , it ia possible to approach the point where the 
farmer 1a indifterent between the amount of reed returns 
sacrificed and the reduction of the coefficient of varia tion 
by one per cent. This point represents the farmer •a optimum. 
choice of the combination of feed returns and the 
coeffloient of variation . This approach has been discussed 
theoretically in section IV- B- 3. Other combinations of 
enterprieea are presented in Figures 13 through 24 . 
Except for the combinations of beef herd-dairy herd 
and beef herd-ewe flock, the tota l coefficients of variation 
can be reduced to the extent thet the latter are leas than 
those for specializing in either enterprise . The combina-
tion of hogs 2-yearlings can reduce the total aoef f1c1ent of 
variation to 14 .60 which is much less than that of spe-
cializing in hogs 2 (18 . 31) or yearlings (34.66) . In l aying 
flock-ewe flock combination, the total coefficient of vari-
a tion can be reduced to 11. 91 which ie about half of that 
of apecia11z1ng in sheep raising (20 . 43 ) and two-thirds 
of that of spec1al1zlng in egg produJtion (17 .71). The 
combinations of beef herd-dairy herd and beef herd- ewe 
flock are complementary through the whol e ranges . Shifting 
feed re ources rr-0m dairy herd or ewe flock to beer herd 
will not only increase the ooef r1c1ent of var1nt1on but 
also reduce feed returns . In this case divers1f1oation 
does not reduce the variability of feed returns . Th1a i s 
because of the high variance ratios for beer herd to dairy 
herd and beef herd to ewe flock, and a very high correl ation 
in feed returns between the enterprises in each combination 
(0 . 7625 and 0 .8358 for beef herd-dairy herd and beef herd-
ewe flock respectively). 
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Figure 22 . Var1ab111ty and level of returns per $100 reed fed for yearlings. 
la~ng flock. and beef herd 
\0 
\Jl 
0 
w 
LL 
180 
170 
0 160 
w 
w 
LL 
0 
0 
~150 
a:: 
w 
Q_ 
z 
a:: 
:::> 140 
~ 
w 
a:: 
130 
96 
D 
Y YEARLINGS 
D DAIRY HERD 
E EWE FLOCK 
COEFFICIENT OF VARIATION 
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The proportion of feed resouroeo allocated to each 
enterprise in the combination whiah minimizes the coeffi-
cient or variat ion ie presented in Table 8 . The minimum 
coefficient or variation and the corresponding feed returns 
are also shown in the l ast two columns of the table . For 
example, in hogs 2-yearlings combination, by a llocating 
70 . 90 per cent of feed resources to hogs 2 and 29 .10 per 
cent to yearlings, the coefrie1ent of variation will be 
minimized at 14.60 and the f eed returns will be $152 . 25 . 
F . Combinations of Three and Four Enterprises 
The possible comb1nat1ona of three enterprises from 
among the nine enterprises studied are 168, and t he number 
of combinations of f our enterprises possible 1s 126.1 
Because eome combinations are technlcally not favorable or 
not popular in the Cornbelt, they were not considered in the 
anal ysis. Instead of computing ll different proportions ot 
teed resources allocated to each enterprise for the oomb1na-
t1ons e.e in the two-enterprise combinations, only one of the 
most common proportions of the feed allocation was selected 
for each three-enterprise combination . The proportions were 
1The combinations of three out of nine is 9C3 = 
(9-31f 31 = 168, and f our out of ~ne is 9C4 = ( g-~f 4! = 
126 . 
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Table 8 . Alloc t1on or r eed resources which minimizes 
coef ficient of vari a tion of returna per $100 
r eed r ed 
Proportions o.r 
Combin t i on of feed r esourcea 
ent erpr 1aea Q l - q RT CT 
Hoga 1-hovo 2 0 .5860 o . 4140 153.11 17 . 40 
Hogs 1-cal vea 0 .5004 0 . 4996 139 .27 13 .68 
Hogs 1- ear11nge 0 .7217 0. 2783 145 .44 14 .02 
Hogs 1- beef herd o.8841 0 .1159 147 .04 17 .44 
Hoga 1-dairy herd 0 . 4722 o . ~278 165 .63 12 .41 
Hogs 1-laying f l ock 0 . :,.099 o . 4901 154 .34 13 .97 
Hog a 1- lambs 0 .8299 0 .1701 145 .92 16. 32 
Hoga 1-ewe f lock 0 .5505 0 . 4495 141 .40 14. 68 
Ho3 a 2-calvee o . 47lb 0 .5255 143. 43 14 .24 
Hogs 2- yea.rl i nga 0 .7090 0 .2910 152 . 25 14.60 
Hogs 2- beef herd o.8386 0 .1614 154 .so 17 . 41 
Hogs 2- da1ry herd 0 . 4457 o.s:A3 170 .85 12 .45 
Hoga 2- laying !'lock o .4790 0 .5210 159 .39 14 .32 
Hogs 2-lambs 0 .8055 0 .1945 153 .39 16 .38 
Hoga 2-ewe r lock 0.:,120 o.4880 145 .78 14.03 
Ca l vee-yearl1ngs 0 .9462 0 .0538 129 .83 19 .04 
Cal ves-beef her d 0 .9227 0 .0773 129 .65 18 .88 
Cal ves-dairy her d 0 .4646 o . ~3~4 156 .78 13 .01 
Ca l ves- l ayi ng r loclc 0 . 5130 o . 4870 144 .27 13 .26 
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Table 8 (Cont1.nued) 
Proportions of 
Combination of feed resources 
enterpr1oee q l - q CT 
Calves- lambs o.a_,oa 0.1492 129 .66 17 .71 
Calves-ewe flock o . ~442 o .4558 130.65 14 .99 
Yearlings- beef herd 0 .5750 o . 4250 134.27 28 .71 
Yearlings- dairy herd 0.2030 0.7970 171.47 11~ . 45 
Yearlings-laying f loalc 0.2200 0 .7800 154 .63 16 .11 
Yearlings-lambs 0. 6244 0 .3756 134 .07 28 .65 
Yearlings-ewe flock 0 .2513 0 .7487 133.07 17.63 
Beef herd- dairy herd 0 . 0000 1.0000 180 . 48 15 .66 
Beef herd- laying flock 0 .268:, 0 .7315 1!)2 .32 13.71 
Beef herd-lambs 0 .5593 o . 4407 131.30 30.53 
Beef herd-ewe r1ock 0 .0000 1 . 0000 132.05 20 . 43 
Dairy herd-laying flock 0 .5240 0.4760 170.66 10 .93 
Dairy herd-lambs 0 .7649 0 . 2351 168.77 12 .48 
Dairy herd- ewe f loclc o .8748 0.1252 17lL41 l~ . 60 
Laying flock-lmnba 0 .8302 0 .1698 15'~ . 90 16.32 
La 1n3 f lock-ewe flock 0 .5112 0 . 4888 146 .26 11 .91 
Lambs- ewe .flook 0 .1448 0.8552 131 . 8~ 19,31 
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determined 1n such a W'i:i.Y th"" t e.J.ch ente.·prise can be domi-
nant (hogs 1 nd hogs 2 a re considered a s one enterprise) 
except £or l .i.y1ng flock .... nd ewe flool{, f or which the propor-
tion of :feed resources a llooated to e~ oh enterprise does not 
exceed 20 per cent of the tot~l feed r esources . Of course, 
the effect or d1 vera1f1ca tion will be dl f.forent 11' the p .i''O-
portion of feed resources lloc~ted to each enterprise 
changes. 
The level of reed returns per $100 feed f ed nd the 
var i ability of feed eturne me· sur ed by the var1 nee, the 
eta.nd r d devi a tion , and the coeff1o1ent or var1 .... t1on of the 
selected three-ente~prise comb1n1tion are presen ted i n 
T~ ble 9. The Pl'oportion of feed resources a lloc ted to e ..ioh 
enterpr ise is listed i n ooltunn 1. In hogs 1-hoge 2-ca l ves 
combin t1on, the propoi .. tions (1/3, 1; 3, 1/3 ) metin th, .. t 1/ 3 
or the f eed resourcee ar e lloo~ted to e~oh of the three 
enterprises . The proportions (1/6, 1/6, 2/3) me~n tha t 1/6 
of the f eed resources re a llocated to hogs 1, 1/6 to hogs 2, 
and 2/3 to cal ves . I n the first ca se, hogs a r e domin~nt, 
and the second ca se, o lves a re domin....nt. Feed returns, the 
v.a..:-1:inoe, the stand t""d devi t1.on , and the coefficient o r 
vnrL.1. t1on are listed i n columns 2, 3, 4, · nd 5 respect! lfely . 
The question or whether the tot~l coefficient of v r1 tion 
will be ~ educed b y shifting a p .r t of feed r esources from 
the two-enterprise eombina tion to ~ third enterprise depends 
T .. ble 9 . Level of 1ncome 7 var i ance , a t 'llldard devi~tion, •nd coefficient of v<lr1~t1on f or returns per $10,000 feed f ed r or t hree- enterprise 
comb1n it1ons 
Mi nimum 
Proport i ons Coetficient coefficient 
Enterprise or feed Feed St:md r d or or v r1..ttlon 
comb1n. t 1on reaources returns Vt r i :.nce devi"" t i on var1'lt1on t or two 
enterprise 
..... b c combin1 tlon 
llogs 1- hogs 2-
c~lves 1/3 1/3 1/3 145 .80 4Z? . 48 20 .68 14.18 17 . 40 
Hogs 1- hogs 2-
137 .64 19 .80 14 . 39 17.4o c...1. l ves 1/6 1/6 2/3 391.90 ...... 
0 
Hogs 1- hogs 2- I\) 
ye r l ings 1/3 1/3 1/3 148 .0l 431. 42 20 .77 14 .03 17. 40 
Hogs 1- hoc;s 2-
1/6 1/6 2/3 142 .06 933 . 6~ 30 .56 17 .40 yea r lings 21 . 51 
Hogs 1- hogs 2-
beef herd 1/3 1/3 1/3 146 .57 737 .82 27 .16 18 .53 17.40 
Hogs 1- hoga 2-
1/6 1/ 6 2/3 1401 .66 37 .44 26 .90 17. 40 beef' herd 139 .18 
Hogs 1-hoge 2-
d~1ry her d 1/3 1/3 1/3 16~ . 80 444 .10 21 .07 12 .94 17 . 40 
Hogs 1- hogs 2-
1/6 1/6 2/ 3 470 .69 12 .64 17 . 40 d_i ry her d 171.64 21 .70 
Table 9 (Continued) 
Minimum 
Propor tions Coefficient coefficient 
Enterprise of r eed Feed Stand r d or of var1.ition 
comb1n t1on r esour ces r eturns Va:c'i ce devi a tion v r1a t 1on f or t wo 
enterprise 
b c combination 
Ho ~s 1-hogs 2-
l !1-ng t lock '2/ _,, 2/5 l/~ 155 .14 5~J . 14 t3 • ..;6 15 .19 17. 40 
Hols 1-hoga 2-
1 mbs 1/3 1/3 1/3 146 . 21 644.04 25 . 38 17 . 36 17 . 40 
Hogs 1-hogs 2-
l bs 1/6 1/6 2/3 138 . 46 1521 . 39 39. 01 28 .18 17.40 ,_. 
0 
Hog a 1-ho~s 2-
ewe f lock 2/5 2/ J l / ? 149 . 58 518 .7.> 
Vo> 
22 .78 15 . 23 17. 40 
Hogs 1-c .. l ves-
292 .96 13 . 68 d:dry herd 1/3 1/3 1/3 153.00 17.12 11 .19 
Hogs 1-o l ves-
1/6 1/6 2/3 166 .74 20 .94 12.56 13.68 d 1ry herd 43lL30 
Ho a 1-c .. lveo-
i ry herd 1/6 2/3 1/6 141 . 22 315 . 34 17 .76 12.58 13.68 
Hogs 1-cu.lvet>-
d i cy herd 2/3 1/6 1/6 151.03 394 . 79 19 .87 13 .16 13.68 
Ho s 1-c l ves -
eue f lock ~/.> 2/;> 1/ ::, 137 .82 299 .72 17. 31 12 • .,;6 13 .68 
Tuble 9 (Continued) 
Minimum 
Pi•opor t1ons Coef ficien t coe:ff1c1ent 
Enterprise of :reed Feed St'"'ndar d of of vari t1on 
combination resources r eturns Vari~nce devi a tion vari a tion ror to 
enterpr13e 
b c eombin<.l t1on 
Hoga 1-yeai~lings-
l ct3"'1ng f lock 2/°;> 2/ :> l/~ 146 .04 439 . 45 20 .96 14.35 14.02 
Hogs 1-beef her d-
l 1.31ng f lock 2/ J 2/ 5 1/ 5 144 . 31 630.71 25 .ll 17 . 40 17. 44 
Hog a 1- cl i ry 
l1er d- ye-rl1ngs 1/ 3 1/3 l / 3 155 . 21 ~2 . 56 19 . 30 12 . 43 12 . 41 ...... 
0 
~ 
Hogs 1-dairy 
hei~d- ewe f lock 2/ 5 2/ ::> 1/ 5 158 . 22 4o,5 . 22 20 .13 12.72 12 . 41 
Hogs 2-cci.l Yes-
beef h er d 1/3 1/3 1/3 14o . 05 632.98 25 .16 17.97 14. 24 
Hogs 2-calves-
beer herd 1/6 1/6 2/3 13.J . 92 1395 .72 37 . 36 27. 49 14.24 
Hogs 2-calves-
beef he r d 1/6 2/ 3 1/6 134.77 504 .96 22 . 47 16 . 67 14.24 
Hogs 2-cal ves-
14. 24 beer her d 2/3 1/6 1/6 149 . 47 572 . 45 23.93 16 .01 
Hogs 2-c ... l ves-
1r he1~d 1/ 3 1/3 1/3 1~6 . 28 318 . 44 17.84 11.42 14 . 24 
T ble 9 (Continued ) 
Minimum 
Proportions Coefficient coeffici ent 
Enterprise of feed Feed Standard of of v<.Lr1 tion 
combin t1on r esoui. ces r eturns Vat'iance deviat1o. 1a ·iation "'oI' t o 
enterpr ise 
b c combin tion 
Hogs 2- c l ves-
d ry herd 1/6 1/6 2/3 168.30 443.92 21 .07 12 . 51 14. 24 
Hoga 2-ealves-
d ey he d 1/6 2/3 1/6 142.&8 3"(2._,l 19 . 30 13 . 51 14 . 24 
Hogs 2-c l ves -
dairy herd 2/3 1/6 1/6 157 .58 471 .04 21 .70 13.77 14. 24 ....., 
0 
VI 
Hogs 2- c l ves-
1 ying f lock 2/5 2/.:J l/..J 147 . 32 342 .23 18 .50 12 .56 14 .24 
Hogs 2- ye rlings-
d 1ry herd 1/3 1/3 1/3 1;>8 . 49 392.6 19 .82 12 .51 14.60 
Hogs 2- ye rl1ngs-
d 1ry herd 1/6 1/6 2/3 169 . 49 451.46 21 . 25 12 . 54 14.60 
Hogs 2- ye rl1ngs-
1/6 2/3 1/6 31 . 38 14.60 iry herd 147 . 30 984 .55 21 . 30 
Hoga 2- ye r lings-
2/3 1/6 1/6 158 .69 544.62 14 .71 14.60 · i ry herd 23 . 34 
Hogs 2-y~I'lings-
149.97 21 .84 14 .56 14 .60 1 ying .flock 2/5 2/-;; 1/ ... 477 .09 
T ble 9 (Continued ) 
f.11nimum 
Proport1ona Coefficient coerr1c1e,1t 
Enterprise of feed Feed Stan r d ot or v r1at1on 
combination .1.•esources returns Variance devi a tion var1a t.1on for two 
enterprise 
b c combination 
Hoes 2- yearl ings-
ewe flock e:/5 2/5 l / ..> 144 . 41 435 .76 20 .88 ll~. 46 14.60 
Hogs 2- d iry 
he,. d-1 y1ng 
f lock 2/5 2/:, l/_, 167 .72 338 . 2..J 18 . 39 10 .96 12 . L~S 
Ca l vea- 1ry ...... 
he .. •d-1..iying 0 °' .flock 2/ ,_, 2/j 1/5 l 5:J .96 280 .90 16 .76 10 . 7..) 13 . 01 
Yearlings- ry 
her d-laying 
14 . 4 f look 2/ ..J 2/ 'j 1/ ..) 1, 8 . 61 524 . 73 22 . 91 14. 44 
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upon the gn1tude of the ooerf1cient or v r 1ation of the 
third enterprise, and the coefficient of corr ela tion between 
the third enterprise and th two enterprises in the o~iginal 
combination, The minimwn oocffioient of v riation which can 
be ttained by the combination of the firat two enterprisco 
is shown in the l a st column of the t able for comp r1aon . In 
section IV-B-2, the ef fect or d1ver nif ica t1on in reducing 
the vari ance o r feed returns by i ncr easing the number of 
enterpr ises t o three and f our h~s been examined theoreti-
cally under the a ssumption that the vari ance of f eed returns 
is the Olma f or each enterprise nd th t the coefficient o. 
oor.ela t1on f or e~.oh two enterprises ia aleo the e e. If 
these a ssumptions are dropped, the result will be diff rent. 
G~ner lly apeak.1.ng, 1f the third enterprise does not have a 
very high ooerr101ent or vari a tion, such aa yearlings, beef 
he d, nd 1 mba, nd/ or the ooeffio1ent of oorrel t1on be-
tween the third enterprise and the other two entorpriees is 
very low or negative, the tot~l coeff icient of varia tion of 
the three-enterprise combina tion will be reduced . For ex-
ple, by sh1f t1ng part of the f eed resources from the 
hogs 1- hogs 2 combin tion to a new enterprise other than 
ye lings, beef herd, or l bs, the tot~l ooef f1c1ent of 
varia tion decreases, However, the combination of hogs 1-
hogs 2 with either yearlings, beor herd, or 1 ba shows a 
higher coeff1o1ent of varia tion than the hog 1-hog 2 
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combination. This tendency toward increa sed v r1ab111ty is 
eapeci lly not1ce~ble when the enterprise with a high ooer-
1c1ent of var1- t1on is dominant. The tot l coef.fic1ent of 
v ria t1on increases a ewe flock, which h 0 a slightly higher 
coet.fic1ent of vari a tion than those or hogs 1 nd dairy 
herd, 1s added to the hogs 1-dairy herd combina tion . This 
1s bee use the feed retu-na of ewe f lock ~re highly corre-
l a ted (0 .7036 ) with those of dairy herd. 
I n i nvestigating the effect of reducing the coefficient 
of v r1a tion by shifting a part or f eed resources from a 
three-enterprise combination to a fou~·th enterprise, seven 
of the most typic l f our-enterprise combina tions were 
selected. The results nre shown i n Table 10. The propor-
tion o.r feed resources alloca ted to eaoh enterprise is 
determ.1ned in euoh w y tha t the tota l teed resources are 
i lloca ted evenly to the f our n terpr1ses except for l aying 
!'look and ewe f lock, to which not over 20 per cent of tota l 
feed resources were llocuted . The coeff1o1ents of varia-
tion or the three-enterprise combin t1on ure listed i n the 
l et column of the table for comp rison. In the seven com-
b1n t1ona, three have a higher coefficient of var1ution than 
three- enterprise combin tions . The tota l coefficient or 
V.;tr1o.t1on of the f oui·-enterpr1se oomb1m .. tion will be reduced 
alightly only 1 the fourth enterpr ise h s a low coefficient 
or vari ation, nd/or the coefficient of correl t1on between 
Ta ble 10 . Level o.f returns per $100 .feed f' ed and vari a b111 t y o r reed retui~ns 
f or f our-enterprise combination 
Proportions Coef fi- Coef f1e1ent 
of reed Stand- cient of' vari a tion 
Four- enterprise r esources Feed ard or f or three-
comb1n..it1on (per eent) r eturns Vur i ance devi a- vari a - enterp"'~ise 
a b 0 d t1on ti on combina tion 
Hogs 1-hoe s 2-
cal ves-ye<--:>l ings 25 25 25 25 143 .38 372 .09 19 . 29 13. 45 14 .18 
Hogs 1-yedrl~ngs-
dairy her d-ewe f lock 27 27 27 19 150 .81 340 .28 18. 45 12. 23 12. 43 
Hogs !-yearlings -
149 .36 625 . 00 16.74 12 . 43 dairy her d-beef h er d 25 25 25 25 25 . 00 lo-' 0 
\D 
Hogs 2-d~iry her d-
year-lings -lumba 25 25 25 25 151 .54 '575-98 19 . 39 12 . 80 12 . 51 
Hogs 2-l~y1ng f lock-
305. 48 17 . 48 14.56 yearlings - dairy er d zr i g 21 27 158.75 11 . 01 
Hogs 2- d11ry her d-
yearl1ngs-bee.r her d 25 25 25 25 151.82 624 .16 21.f .98 16 .46 12 .51 
Hogs 2- ewe !"lock-
1:,3.47 344.19 18 .55 14. 46 yearlings - 1r y her d 27 19 '27 27 12 . 09 
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the fourth ente1"prise and any one of the other three enter-
prises is nega tive or very low positive. For ex...lmple, by 
adding d 1ry to the hogs 2-l(iy1ng f look-yea x ..l!ng s or the 
hogs 2-ewe flock·yearl ings combina tion, the tota l coeffi-
cient of vari a tion will be reduced slightly. This is 
because dairy herd hes a low coefficient of VF.l.:.t'1at1on and a 
l ow coefficient of correlation with the other three enter -
pr1sea (some are even nega tive ) . If l aying flook 1s the 
fourth enterprise, the coeff1e1ent of varia tion will a lso 
be reduced. I n the hogs 1-hogs 2-cal ves-year l1ngs comb1na-
t1on, where the .rour•th enterprise, yearling .reeder ca ttle, 
has a h.1.gh coef ficient of va ridt!on, the total eoerr101ent 
of vari a tion is reduced slightly. This 1s because yearli nga 
are negativel y correluted with hogs l and hogs 2 . However, 
1r the f ourth enterprise is 1 b feeding or beer herd, the 
coeff1o.1ent or var1 1tion Will inorea ae. 
So it 1a possible to reduce variability or reed r eturns 
slightl y by shifting a part of feed resources from a three-
enterprise combina tion to a fourth enterprise under the con-
ditions stated above. However, 1t is u."'ll1kely th: t the 
slight reduction of the vari ability of feed returns per~ 
will be a ttractive enough to induce f rmers to shif t f eed 
i•esouroee to the f our th enterprise. 
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VI . SUMMflRY AND CONCLUSIONS 
Divereific tion is the most common me na ava1l uble f or 
r I'Jllera to reduoe the va1 .. 1abil1 t~ of reed returnB . In this 
study the errect or d.1vers1tic~t1on i n reducing the var1-
b111ty of feed returno is investigated . For this purpose, 
bu eta or nine li restock enterprises over a period or 28 
years f'rom 1933 to 1960 were constructed, a.nd the var1-
b111 t1es or prices a..~d feed retu~ns were me au.red by the 
range s ~ per cent of the mean, the e r-to-year chunges as 
per cent of the mean, the v r1ance, the stun<brd devia -
tion, nd the coef f1o1ent of var1 tion. The results 
measured by the range s per cent of the menn, and the 
coetf1c1ent of varia tion all show tha t feed returns from 
l yin3 f look ~nd da.ir~ herd are the tr~st stable, nd returns 
from beef herd, ye~rlinga, and 1 mbs the least stable . The 
coefficiento or correl tion of feed returns between each two 
enterprises were a lso computed a a a b-s1s f or examining the 
effects of cllversifio tion. 
The er ect o: d1vers1fioa t1on reducing v riab111ty 
or feed retu4ne depends upon the proportions of feed re-
sources alloc ted to e~oh enterprise 1n th~ combin t1on, the 
ratio of' tho Vt. 1anoes or the second ente ... ,prise to the "" 1rst 
e1terpr1se,, and the ooef!'1o1ent of oorrol t1on between the 
two enterprises. The result of thia study shows tha t adding 
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a second enterprise oan reduce the coetf 1o1ent or variation 
of feed returns except where beef herd i s added t o dairy or 
to ewe flock . The ooeff1c1ent of variation oan be reduced 
even when a part of feed resources is shifted rrom an enter-
prise with a low to an enterprise With a high coefficient or 
variation, i f the two enterprises have a coefficient of cor-
rela tion With a negative or a low positive value . In beef 
herd- dairy herd, beef herd-ewe flock combinations, when 
shifting feed resources from beer herd to dairy herd or ewe 
flock, the coefficients of vari a tion decrease while feed re-
turns increaae . If the feed resources are shifted from dairy 
her d or ewe flock to beef herd, the coefficient s of variation 
increa se while t he feed r eturns decrease . In this case , 
d1vera1f1ca t1on cannot reduce the coeffici ent of variation. 
The choice or the optimum oomb1nat1on of atab111ty and 
level of feed returns was examined under the assumption tha t 
the f armer ' s preference 1s known . 
Gener ally speaking, three-enterpri se combi nations do 
reduce the coefficient of variation if the third entet>prise 
has a negative or a low positi ve value of the coefficient of 
correlation with the other two enterprises, and/or the third 
enterprise does not have a very high coefficient or varia-
tion, e .g . , yearl1nga, beef herd, or lambs . 
The four-enterpri se combination reduces the ooetfiolent 
of varia tion only i f the fourth enterpri oe has a low 
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coeff1o~ent of variation, n<1/or has a nega tive or a very 
low positive value of correla tion coefficient with the other 
three enterpr1ses. However, unless there are other d-
vunt ages to adding the rourth enterprise, 1t 1a unlikel y 
that the slight reduction 1n the vari~b111ty of feed returns 
per ~ will motivute rnrmers to add the f olU'th enterprises~ 
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IX . APPENDIX 
Livestock and Poultry Enter~ri se System Used in 
Computing Return Per ~100 Feed Fed 
Estimates of the physical production coefficients for 
computing feed coats and returns f rom various livestock and 
poultry systems are mainly based on Gibbons' Back.ground 
Information for Farm Planning and other publications . 
For the one litter hog system, seven pigs are assumed 
to be farro wed in the week starting on June l and weaned 56 
days a.f'ter farrowing . Then, they are fed 1n drylot to gain 
1.3 lbs . a day, nnd fi nished on January 15 (7i months after 
farrowing ) at 240 lbs. One 1 a saved for replac ement and a1x 
are marketed . Dea th loss of 1.4 per cent of the welght pro-
duced is a ssumed. The sow is sold at 350 lbs . ten weeks a:f-
ter farrowing. Feed requirements for pi gs f'rom 30 lbs. to 
240 lbs. include 13.86 bu . of corn, 63 lbs . of tankage , 31 .5 
lba . of soybean oilmeal, 31.5 lbs. of ground alfalfa, and 8 .4 
lbs. of minera l mixture . For gilts (from breeding to final 
marketing weight), 10 bu. of corn, 13 bu. of oats, 100 lbs. 
of t nnkage, 100 lbs . of soybean oilmeal, 250 lbs . of ground 
a l falfa, and 12 lbB. of mineral ml.xture are required . 
In the t wo litter hog system, seven pigs are farrowed 
in each litter . Spring pigs are :!'arrowed within the week 
starting on February 15, then fed 6 months 1n dl~ylot with 
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gains of 1 . 3 lbs . a day . They are marketed within a week 
starting on August 15 at 220 lbs . The fall pigs are far-
rowed 1n the week starting on September 1, then fed 6 months 
in drylot to gain 1 . 3 lbs. a day. They are marketed within 
a week starting on Maroh l. 
ment from the fall litter. 
One pig is saved for replaae-
Death loso tor both spring and 
fall litters is assumed to be 1 . 4 per cent of the weight 
produced . The sow is marketed at 360 lbs. 10 weeks after 
farr owing the fall litter . The feed requirement for both 
litters per pi g from 30 lbs . to 220 lbs. includes 12 .54 bu . 
or corn, 57 lbs . of tank.age, 28 . 5 lbs . or soybean oilmeal, 
28 .5 lbs . of ground alfa lfa and 7.6 lbs . or mineral mixture . 
For the gilts, 20 bu. of oorn, 22 bu . of oa ts, 180 lbs . of 
tankage, 18 lbs. of soybean o1lmeal, 500 lbs . of ground 
a l falfa, and 24 lbs . of mineral mixture are required . 
Feeder calves nre bought a t 400 lbe. during t he week 
f r om October 1 to 7, and fed limited grain to gain 1 . 3 lbs . 
a day for 195 days, to a weight of 650 lbs. Then, they are 
full-fed grain during the entire grazing period to gain 2 . 2 
lbs . a day for 136 days , and fini shed at choice grade 
weighing 950 lbs . They are marketed within a week otarting 
on August 27 . Death loes is assumed to be 1.7 per cent of 
the weight produced . When bought and sold on the Omaha 
market, 3 per cent shrinkage is assumed . The feed require-
ment 1noludes 10 bu . of corn, 2900 lbs . of alfalfa hay for 
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the first 195 days and 36 bu. of corn, 80 lbs . of linseed 
oilmeal, 5 lba . or salt, and 4.5 months of pasture for the 
last 136 days . 
Yearling feeder cattle are bought at 750 lbs. within 
the week starting on November 1, full fed in drylot for 205 
days to gain 2 lbs. a day, and finished at choice to prime 
grade and weighing 1160 lbs. They are marketed within the 
week starting on May 24 . Again, 3 per cent of shrinkage is 
assumed when purohaaed and sold on the Omaha market . Death 
loss is assumed to be 1.7 per cent of the weight produced. 
The feed requirement includes 55 bu. of corn, 150 lbs . of 
linseed o1lmeal, 1500 lbs. of legume hay, and 5 lbs . of 
salt . 
The beef-cow herd oons1ats of 25 cows and a bull . 
Spring calves are calved between April 15 and May 1, and 
weaned 198 days (19, p . 100 ) after calving . Calf orop is 
85 per cent ( 29). Cows a.re culled when 8 years old after 6 
producing years and one-sixth are replaced every year . They 
are sold at 1017 lbs. one month after weaning (19, p . 75). 
Five- sixths of the calves are sold after weaning a t 420 lbs . 
between October 29 and November 14, and one- sixth of the 
calves are saved for repl acement. No bull replacement is 
assumed; that is, the sale of a bull is assumed just equal 
to the oost of acquiring a repl acement . Shrinkage of 3 per 
cent is assumed . Death loss is included in the 85 per cent 
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eulf cr op . The feed requi rement inoludea O.S tons or 
legume ha.y, 1. 25 tons of r oughage and 6 mont hs p...1.sture per 
cow u.nd bull ; 1. 25 tons of legume hay and 6 months pasture 
per repl a cement hei fer; ~nd 8.5 bu. or corn and 1. 225 t ons 
of legume hay per rcpl~cement calf from weaning to the next 
spring. 
The d --1l"Y cow herd con:s1sta of 30 cows and a bull . 
Cows are a ssumed to have S producing year s, and one- f i f th 
are r epl cloed every yea r. Calves are c t:1.l ved within the week 
atariti ng on October 15 . The calf crop is 90 per cent . 
Twenty-one veal ct l ves ure sold three months after ca l ving 
a t 180 lbs. (4, p . 257), and six calves are saved f or re-
pluoement . Cull oowB are sold 5 months after c~lving 
randomly through t-he year a t 1210 lbs. (7 years old). No 
repl acement is assumed for the bull, the same us for the 
beef bull . Shrinkage of veal c~lves Shipped to the Omaha 
nurket is 3 per cent. The capacity of dairy cow ia assumed 
to be 9429 lbs. or milk per head. The feed requirement f or 
dairy cow i ncludes 30 bu. of oorn, 52 bu. of oats, 313 
lbs. of protein suppl ement, 3 tons of silage, 1.8 tons of 
legume hay, 50 lbs. of steamed bonemea l, and 5 months of 
good legume pasture. Vea l ca lves (fed to 180 lba .) require 
300 lba. of millc. Replnoement o- lvea, from birth to 12 
months old,. require 300 lbs. of rnillt, 2000 lbs. of skim 
milk, 6 bu . or cor n , 8 bu . or oa ts, 0 . 3 tons of legume hay, 
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5 lbs. of iodized salt and 5 months of pasture. Yearling 
heifers, f r om 12 months to 2l4 months, require 10 bu . of 
corn, 10 bu. of oats , 1 . 5 tons of legume hay, 10 lbs . of 
iodized salt and 5 months or pasture. The bull requires 15 
bu . of oorn, 30 bu . of oats, 3 tons or legume hay and 20 
lbo . of iodized nalt . 
The poultry l aying flock oons1ats of 100 birds. The 
whole flock is replaced every year. The mortality rate for 
the flock group is 25 per cent and for baby chicks, 15 per 
cent . Baby chioks are bought in the first week of March and 
housed in the l aying house after 5 months . Cull hens are 
sold in the first week of Auguot at ~ lbs . per head. Egg-
produo1ng capacity is assumed 200 eggs per head per year . 
Feeder lambs are purchased at 65 lbs . in the week 
starting on October 15, then fed 133 days in drylot to gain 
0 .3 lbo . a day, and f1ne.lly sold at 105 lbs . Death loss is 
assumed to be ~ per cent of the weight produced, and 
shrinkage is 7 per cent tor both purchasing from and selling 
to the Omaha market (18 , p . 816) . The feed requirement in-
cludes 3.6 bu. of corn, 200 lbs. of legume hay, and 2 lbs. 
of salt. 
The ewe flo"'k consists of 30 eweo and a ram. Ewes are 
nsaumed to be kept 7 yearo, to have 5 producing yeare, and 
to be replaced at the rate or one-fifth every year . Ewes 
lamb in the week starting on February 1. The lambs are creep 
1 23 
fed f or 4 months, and one- f ifth are saved f or repl cement 
when the other s are sold ut 90 l bs . per head . The lamb 
cr op is 125 per cent. A 3 per c ent ewe dea th los e i s 
assumed . Feed r equi r ement f or a ewe i ncludes 2 bu . of 
gr a i n , 300 l bs . of legume hay, 400 lba. or non- legume hay 
nd 165 days of pasture . The r am and yearl i ng ewes r equi re 
the s .inie .mount of f eed a s ewea . For earl y l ambing , 110 
lbs. of grai n and 78 lbs . of legume h y r e required f or 
cr eep f eeding . Repl cement 1 ba r equir e 135 l bs . of legume 
h.3.y, 180 lbs . of non- legume hay and 5 months o p;.tstur e . 
Eve1•y M y 8 lbs . or wool re shorn from each ewe, ram, and 
yearl i ng e\·re . 
